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For the topic of the lecture in honor of the memory of Joseph Henry 
which I have the great privilege to deliver today, I have chosen a 
discussion of photosynthesis in plants for two main reasons. The first 
is the importance of this photochemical reaction and the second that 
it belongs simultaneously to the fields of biology, chemistry, and 
physics, and may therefore be suitable for a discussion before this 
audience in which students of so many different branches of science 
are present. But being a physicist I cannot avoid laying the main 
emphasis on the physical side of the problem, and for this purpose I 
shall make use of an attempted theory which Dr. Herzfeld and I have 
worked out within the last year. 

To remind you of the importance of photosynthesis, I only mention 
the well-known fact that photosynthesis in plants—the inverse 
process of animal metabolism—is the only source of all food which 
makes animal life possible on earth, furthermore it is responsible for 
the relatively great amount of molecular oxygen in our atmosphere. 
As we learn from the geochemists, the atmosphere contained, after 
the formation of the solid crust, hardly enough oxygen to make 
breathing possible, but a very great excess of CO, and water rendered 
conditions favorable for the development of plants. By reduction of 
CO, and water, to sugar and molecular oxygen, under the influence of 
light, plants have produced the conditions now prevailing in the 
atmosphere. We shall restrict ourselves in our discussion to processes 
by which CO, and water are reduced by light to the state of reduction 
of sugar, or expressed in the language of a chemical formula, to the 


reaction 
HO 
Ms 


a 
C=0+2hyr-> C=0+0, (1) 


HO H 
1 The seventh Joseph Henry Lecture of the Philosophical —— of pip ey on 
presented on March 13, 1937 in honor of Joseph Henry, first president of the Philo- 
sophical Society. Received March 25, 1937. 
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where xhy is the symbolism for the number of light quanta used to 

take out one oxygen molecule from one molecule of carbonic acid, 
H ' 

and YC=0 is formaldehyde, which has the state of reduction 
H 

of sugar and is able to form sugar by combination of several of its 

molecules, the so-called process of condensation. (Whether formalde- 

hyde actually occurs in the plant as an intermediate product is of less 

interest for the subject of our discussion.) 

Since carbonic acid does not absorb the light available as sunlight 
filtered by the earth’s atmosphere, the reaction has to be sensitized 
by a dye, which as its colour shows, absorbs visible light. This is the 
function of the chlorophyll in the plant, a green dyestuff with a mo- 
lecular weight of about 1000 whose chemical constitution is entirely 
known, thanks especially to the work of Willstatter and his co- 
workers. Since, according to Willstatter, the chemical constitution of 
chlorophyll enables it readily to form loosely bound complexes with 

HO 
acids, the complex Chph-carbonic acid, Chph ye =Q, is the com- 
HO 


pound which by absorption of light starts the photochemical re- 
actions.? Chph acts, according to our present information, only as a 
sensitizer, and is not changed in the course of photosynthesis. The 
physical properties which make it specifically fit for photosynthesis 
are connected with the ability of Chph, under the conditions pre- 
vailing in the plant, to fluoresce. If molecules absorb light, they 
may reemit it as fluorescence, or convert the energy absorbed into 
heat, or use it for chemical reactions. Since reemission of light takes 
time, the occurrence of fluorescence shows that the conversion into 
heat or the use for a photochemical reaction does not take place im- 
mediately after the absorption act, but that the energy remains for a 
time in the molecule as excitation energy of the electronic system. 
One can show, for instance, that the lifetime is between 10-* to 10-° 
seconds if the plant is irradiated with red light in the presence of an 
excess of CO,. Since under these conditions a dissipation of the energy 
into the degrees of freedom of thermal motion does not take place, 
the lifetime of the excited state must represent the time elapsed be- 
tween the process of light absorption and the conversion of the energy 
absorbed in chemical energy. The lifetime of the excited state is 1000 
times greater than the duration of molecular oscillations, therefore 


2 Chph is used as an abbreviation for chlorophyll. 
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the atoms forming the complex Chph-carbonic acid have time to make 
all possible movements with respect to one another until the right 
relative position for the photochemical transition is reached. The 
ability to fluoresce reduces therefore possible influences of steric 
factors which otherwise would hinder the reaction. It also makes pos- 
sible the use of a relatively large amount of thermal energy stored up 
in the many degrees of freedom of the polyatomic complex. In these 
complexes, the energy migrates from one bond to another, and it oc- 
curs sometimes that by so-called fluctuations an energy amount is 
transferred to a single bond which is many times greater than the 
average caloric energy for one degree of freedom. The lifetime of the 
excited state allows one to wait until some such unusual condition is 
reached; then the energy amount absorbed together with the thermal 
energy piled up in one bond is transferred into the potential energy 
of the chemical products. A calculation shows that with normal tem- 
peratures 6 to 7 kcal. per mole out of the caloric heat can be gained by 
fluctuation during the lifetime of the excited state and can be added 
to the energy of each light quantum within the lifetime mentioned 
above. 

While these properties of the chlorophyll would also occur in every 
other fluorescent dyestuff built up out of many atoms, the nature of 
its absorption spectrum and its relations to its fluorescence spectrum 
are specific, and have also specific applications for photosynthesis. 
It has three main absorption regions, red, blue, and near ultraviolet, 
separated from one another by regions of weak absorption. If thick 
layers of chlorophyll are irradiated,—for instance the whole amount 
of leaves in a thick forest—practically all visible light can be used for 
photosynthesis. The red absorption band has a special interest. It 
shows a very steep rise on the long wave-length side at \ 6700 A. 
Wave lengths longer than 6700 A are absorbed only by those mole- 
cules which have some oscillation energy by thermal excitation. 
\ 6700 A seems to produce the transition from the non-oscillating 
level of the normal electronic state to the non-oscillating level of the 
first excited state. The blue and the ultraviolet absorption regions 
correspond to transitions to higher excited electronic levels. Under 
all conditions the fluorescence lies in the wave-length region cor- 
responding to the red absorption, whether it is excited by red, blue, or 
ultraviolet light. The interpretation of this fact is that the energy 
surplus of the second and third excited levels over the first excited 
level is transformed into oscillation energy by an internal transition— 
a process which, according to a recent paper of Teller, is possible in 
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complicated molecules. Since the molecule in the liquid is always in a 
state of impact with its neighbors, the oscillation energy is im- 
mediately distributed as heat motion among the adjacent particles 
and is lost for photochemical reaction. The result is that the energy 
amount available for the photochemical process in the plant is always 
the same whether red, blue, or ultraviolet light is absorbed, and it 
corresponds to the energy quanta of 6700 A, or 43 kcal., plus the 
amount of 6 to 8 kcal. from thermal agitation. 

If we compare this energy with the known amount necessary for 
the reduction of carbonic acid to formaldehyde and molecular oxygen, 
it turns out that at least three quanta are necessary for this process. 
But if the oxygen molecule is not taken out in one single elementary 
act, it is more probable that the energy amount necessary for the 
photochemical processes becomes greater than that calculated for 
equation 1. The oxygen atoms taken out separately must, for 
instance, enter into intermediate compounds like peroxides which set 
free oxygen molecules by an exothermic reaction. Consequently it is 
not astonishing that, as Warburg found, even under the most favor- 
able conditions, four quanta of light have to be absorbed for each 
carbonic acid molecule reduced. From the discussions on the lifetime 
of the excited Chph complex molecules, it is obvious that the energy 
absorbed stepwise can be stored up only as potential chemical energy. 
In other words, each absorption act has to result in an intermediate 
chemical product of photosynthesis which is stable enough to wait 
for the next photochemical step. 

The question of which intermediate products are formed in the 
plant can be answered with certainty only by direct chemical analysis. 
But since this is for many reasons at best an exceedingly difficult 
problem, for the present one is forced to make hypotheses. But such 
hypotheses are not entirely arbitrary, for they must be in accordance 
with experience in chemistry and physics, and they must explain 
quantitatively and in a natural way all the well-established observa- 
tions made hitherto on photosynthesis. In addition they may at least 
show that it is not necessary, as many authors believe, to assume that 
in this biological problem processes occur which are of quite another 
character than those so far observed in vitro. 

To show that such hypotheses can be made, we consider briefly the 
main observations on photosynthesis. 

As mentioned above, Warburg has shown that four quanta are 
used to reduce one molecule of carbonic acid under the most favorable 
conditions. These conditions are that all chlorophyll is in working 
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condition, that a great surplus of CO, is present, and that the light 
intensity is not too great. If one plots in a diagram the production of 
oxygen for a living leaf or algae, against light intensity, one gets first 
a linear relation; but in going to higher intensities the production of 
oxygen increases less rapidly; then, it is proportional to the light 
intensity; and finally becomes constant and independent of the in- 
tensity of irradiation. The occurrence of light saturation has been 
interpreted by the fact that in the course of photosynthesis not only 
photochemical reactions but also dark reactions play a role. Now the 
sequence of reactions cannot proceed more quickly than the slowest 
component reaction. If, in the present case, the photochemical partial 
reactions proceed with a velocity proportional to the light intensity, 
while the velocity of the dark reaction is of course independent of the 
illumination, there must be a light intensity for which the dark re- 
action becomes the slowest one and is alone responsible for the 
velocity of the total reaction. While this point of view is undoubtedly 
right, the application to the shape of the curve actually observed 
encounters difficulties. One can calculate the velocity of the photo- 
chemical reactions. It is inversely proportional to the time in which 
each chlorophyll molecule takes up four quanta of light. Furthermore, 
one can, as Emerson and Arnold have shown, measure directly the 
velocity of the dark reaction. In calculating the curve from these 
data, one predicts saturation with light intensities which are about 
1000 times greater than the actually observed values for saturation. 
The measurements of the velocity of the dark reaction are made by 
studying the oxygen production by plants illuminated with light 
flashes of a very short duration and changing the. time distance be- 
tween the flashes. The amount of oxygen produced per flash will 
become independent of the duration of the dark periods between the 
flashes if they are longer than the time needed for the dark reaction. 
Emerson and Arnold found that at room temperature the time neces- 
sary for the course of the dark reaction is 2/100 of a second, and at 
1° C it is 4/10 of a second. They studied also the influence of poisons 
on the velocity of the dark reaction, and found, for instance, that 
HCN slows it down considerably. The general behavior of the dark 
reaction in respect to poisons and temperature is in accordance with 
Warburg’s statement that the dark reaction is apparently an enzy- 
matic decomposition of peroxides into normal oxides and molecular 
oxygen. Arnold and Emerson’s important results show indirectly that 
the saturation observed with continuous irradiation is influenced by 
the velocity of this dark reaction. The saturation production of 
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oxygen is diminished by low temperatures and by HCN in the same 
way as is the velocity of the dark reaction, while on the other hand 
the oxygen production with low light intensities is practically un- 
influenced by the lowering of temperature and adding of small doses 
of HCN. 

We must mention another kind of light saturation which occurs 
with flash illumination if the intensity of the individual flashes is 
raised more and more. The shape of these saturation curves resembles 
that with continuous irradiation, but the saturation value is here only 
dependent upon the intensity in the single light flashes, and its time 
integral can, by using long dark periods between the flashes, be made 
many times smaller than the light intensity per unit of time which 
produces saturation with constant irradiation. Since enough time is 
left in the dark periods for the completion of the dark reaction, the 
flash saturation becomes independent of its velocity. Therefore 
Arnold tried to explain this type of saturation by the assumption that 
in a flash of very high intensity all carbonic acid in contact with 
Chph is reduced. The number of such carbonic acid molecules must 
then be equal to the number of O, molecules developed per flash. A 
comparison with the known number of Chph molecules present gave 
the unexpected result that in the presence of a surplus of CO, the 
number of H,CO; molecules in contact with Chph should be several 
thousand times smaller than the number of Chph molecules. The 
deviation is here of the same order of magnitude as with the normal 
saturation curve, and Arnold and others tried to explain both devia- 
tions by the assumption that in the plant so-called photosynthetic 
units exist which contain about a thousand Chph molecules for each 
carbonic acid molecule. The Chph molecules should absorb the light 
practically independent of one another, but each quantum absorbed 
in the unit is used for the reduction of just one carbonic acid molecule. 
Such a state of affairs is not quite impossible, but certainly highly 
improbable. According to my opinion, it is in contradiction to the 
chemical instability of Chph, and to the fact that the Chph can give 
fluorescence in the plant, while Chph molecules coupled together do 
not. Nevertheless the existence of the unit was assumed as the only 
possible solution. The hypothesis of the photosynthetic unit has been 
further supported because it offered also an explanation for the lack 
of an induction period. 

If after a dark period leaves are irradiated with weak light, the 
oxygen production starts immediately at practically the final rate, 
although one should expect that if four quanta have to be absorbed 
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by the same Chph molecule before oxygen molecules are liberated, the 
time lapse between the start of irradiation and the start of oxygen 
production should be very great with low light intensity. The exist- 
ence of a unit of about 1000 Chph molecules which cooperate would 
reduce this time by a factor 1000, and would make the induction 
period so short that it might easily have been overlooked. 

According to the point of view of Herzfeld and myself, it is possible 
to explain quantitatively all the facts mentioned above, and many 
others not mentioned here, without the assumption of a photosyn- 
thetic unit. This we have done by using as photochemical inter- 
mediate reactions processes which are inverse to the established 
intermediate steps of autoxidation and photoxidation of organic 
matter. Since peroxides and peracids are formed by autoxidation, they 
should also occur in the stepwise reduction. The dark reaction is then, 
in accordance with Warburg, simply the enzymatic decomposition of 
the per-compounds to molecular oxygen and ordinary acids or 
aldehydes. The absence of an observable induction period forces us to 
the assumption that a peracid is formed out of the Chph-carbonic 
acid complexes by a single absorption act. One quantum of red light 
corresponding to 43 kcal. has enough energy to form a peracid, if the 
excited Chph-carbonic acid complex has always the chance to react 
with an organic molecule of the structure ROH. To secure such a 
reaction ROH has to be in contact with each Chph molecule. We 
assume, therefore, that the compound ROH is the bearer substance of 
the Chph, which will mean that a sphere, or a particle with a more 
complicated surface consisting of ROH, should have on its surface 
adsorbed Chph molecules which in the usual way may move around 
on the surface as a two-dimensional gas (as has been established for 
adsorbed molecules by Volmer). ROH should have the usual strength 
of binding between C and OH, and may perhaps be a protein. The 
first photochemical equation is 


HO HO R 


\ se 
Chph C=O, ROH+hy—>Chph Pacis 
HO HO 


followed by a dark reaction 
HO R HO 


6 a Mig 
Chph C + Enzyme—Chph oF +4 Oz. 
HO O-—OH HO OH 
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The expression 40, means, of course, that the enzyme has to react 
with two peracids to form one O, molecule. (The reaction can take 
place without triple collisions if the enzyme takes an O atom away 
from the peracid and transports it to the next peracid where the O, 
molecule is then formed.) By splitting off water 


HO R R 
oF : ™ 
Chph \ will go over into Chph C=0+H,0. 


& 
HO OH OH 


The second photochemical equation replaces, by a reaction with 
water, the R by an H atom and restores ROH. We have 


R H 
wh B.S 
Chph C=0+H,0+h»—-Chph C=O, ROH. (4) 
OH OH 


Thus formic acid is formed as an intermediate product, as was as- 
sumed by Willstitter and Stoll. (Dr. Rieke and I have started 
measurements on the quantum yield of a plant fed with formic acid 
instead of carbonic acid. We expect that two quanta will reduce 
formic to formaldehyde; see equations 5, 6 and 7.) 

The following equations are entirely analogous to equations 2, 3 
and 4: 


HO HO R 
~ \ 
Chph —C=0,ROH+hy-Chph C 
i Pa 
H H O-—OH 
HO R HO R 
OF is a! 
Chph Cc + Enzyme—Chph C +402 
\ - 
H O-—OH H OH 
HO R H 
ye b" 
Chph C +hy—-Chph C=0+ROH. (7) 
~ 4 
H OH H 


These transform the formic acid, in two light reactions and one dark 
reaction, into formaldehyde and oxygen. 

This system of equations is at least a possible one. It offers, as far 
as our information goes, no difficulties with respect to the energy 





Ava. 15, 1937 FRANCK: PHOTOSYNTHESIS 325 


relations; it is in accordance with Warburg’s quantum yield and with 
the experiments on the dark reaction; and explains the lack of an 
induction period for the experiments made with moderate illumina- 
tion. 

This set of equations also offers simple explanations for the occur- 
rence of saturation curves for continuous and flash irradiation, and 
furthermore makes it possible to calculate their shape. 

The deviation from a linear relation between oxygen production 
and light intensity is produced by the instability of the peracid and 
the peraldehyde toward light. Each light quantum absorbed by the 
complex 


HO R HO R 
Nga heat 
Chph Cc , or by Chph Cc ‘ 


HO O-—OH H O-—OH 


will break the bond between the O and the OH in the per-compounds, 
since this bond is a very weak one, as one can calculate from well 
known heats of reaction. The resulting peracid or peraldehyde radicals 
and OH radicals produce chains of back-reactions for which the 
following equations give an example. 


HO R HO R 
bo 2 Niote 
Chph hs +hv—Chph C -+0OH. (8) 
HO O-—OH HO O 


This reaction is followed by a spontaneous splitting off of the radical 
R-— and the formation of a double bond between O and C 


nO. 2 HO 
ty OP : 
Chph ae —Chph C=0+R-. (9) 
HO 0- HO 


The radical R — will attack another peracid complex and continue the 


chain 
HO R HO 


ie EP gs * 
Chph x 4+R-——ROH+Chph Ss 5 (10) 
HO —0-OH no 


The OH radical starts similar chains. The chains will break by side 
reactions in which R and OH are consumed. The result is that relatively 
rare absorption acts of Chph connected with peracids or with peralde- 
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Fig. 1.—Warburg’s results on photosynthetic oxygen production plotted against 
light intensity. Fig. 2—Results of other authors plotted on a logarithmic scale. 
Fig. 3.—Flash saturation (points) compared with the theoretical curve (solid line). 
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hydes produce back reactions to carbonic acid and formic acid, which 
proceed in chains and therefore reduce the O, production consider- 
ably. With small intensities such absorption acts will not occur, since 
the average time between two consecutive absorption processes tak- 
ing place in the same Chph molecule is large compared with the time 
used by the enzyme to reduce the peracid (time 1/50 sec.), but with 
rising intensity more and more chains start and finally produce 
saturation. These processes are, according to our viewpoint, respon- 
sible for flash saturation and for saturation with continuous illumina- 
tion, the difference between them in respect to the saturation values 
being caused by the higher instantaneous density of light quanta in 
flash illumination. The following figures show the good agreement 
between observation and theoretical calculation. The points repre- 
sent observed values, the drawn lines the results of theory. 

Fig. 1 contains Warburg’s results on photosynthetic oxygen pro- 
duction plotted against light intensity. The only point which deviates 
from the calculations is not very reliable, according to a remark by 
Warburg. Fig. 2 shows results of other authors plotted on a logarith- 
mic scale. The data for this figure have been taken from a paper of 
Smith which contains Smith’s own measurements and results of other 
observers. Deviations between theory and experiment are not greater 
than the possible error of the observations. Several points which 
correspond to measurements with very low light intensity have con- 
siderable possible errors, since according to Smith the correction 
necessary for respiration processes in the plant is here very large and 
not exact. In Fig. 3, observations on flash saturation (points) made 
by Emerson and Arnold are compared with the theoretical curve 
(solid line). The dotted line represents an empirical formula suggested 
by Kohen. The great reduction of the oxygen production at light 
saturation caused by HCN or low temperature fits very well in the 
theory, since every influence which lowers the velocity of the enzy- 
matic decomposition of the peracid and peraldehyde increases the 
concentration of these substances and makes the starting of back 
reaction chains more frequent. 

The proposed chemical mechanism has of course also a biological 
aspect. The back reactions proceeding in chains give us an under- 
standing of how the plant protects itself against overfeeding. The 
plant, having no other possibilities to get rid of a surplus of food, uses 
the light which produces the food to destroy the excess. 

There is not sufficient time to go further into details. I wish only 
to add that, according to the theory, not only carbonic acid and for- 
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mic acid are photosynthesized, but also all plant acids which are pro- 
duced as intermediate products of respiration which combine with 
chlorophyll in the way characteristic of acids. In this case also per- 
acids and aldehydes will occur in the course of photosynthesis, and 
are reduced by the enzyme. But there is one striking difference be- 
tween these plant acids on the one hand and carbonic and formic 
acids on the other. 

The difference is that the plant acids, having a great number of 


—C—H bonds, provide a great chance for photoxidation which again 


proceeds in chains. The result is that the i —H groups are partially 


replaced by _d-o-on groups, and these groups also give to the 


molecule the properties of a peracid. Consequently, a great excess of 
peracids is built up if photosynthesis and photoxidation of the plant 
acids take place as parallel processes. This will occur whenever the 
plant contains a large concentration of plant acids and is strongly 
illuminated in the presence of molecular oxygen. The plant acids are 
produced and consumed at a constant rate by respiration, but since 
with illumination there is an additional consumption of plant acids 
by photosynthesis and photoxidation, the equilibrium concentration 
is lower in the light than in the dark. The transition of the concentra- 
tion of plant acids from the value in the dark to that prevailing in 
light takes time. This time will be longer with a weak illumination 
than with strong. Since in the transition period an excess of peracids 
is present, the probability of starting chains of back reactions by 
photolysis is enhanced, thereby diminishing the production of oxygen. 
Weak illumination should have only a small influence, since the 
enzyme is able to reduce the extra amount of peracids formed by 
photoxidation before they absorb light quanta and split into radicals. 
However, with strong irradiation, radicals are produced and the 
number of back reaction chains should become considerable. This 
explains Warburg’s observation that there is a considerable induction 
period in the oxygen production if a plant after a dark pause is il- 
luminated with strong light, although with weak illumination this 
phenomenon is not found. The induction period occurring with strong 
illumination is intimately connected with the abnormal behavior of 
the fluorescence of a living leaf strongly illuminated after a dark 
period. This phenomenon, first observed by Kautski and studied in 
more detail by R. W. Wood and myself, can be easily interpreted in 





Ava. 15, 1937 GRIGGS: HYBRIDITY IN EVOLUTION 329 


terms of the photoxidation of plant acids. Time does not permit me 
to discuss this point in more detail. 

I hope that this survey of the problem of photosynthesis, which 
could touch only the main points, will leave you with the impression 
that, while the problem is by no means entirely solved, many features 
are made understandable by the application of normal physical and 
chemical experience, and that one is no longer forced to assume that 
in this biological problem processes occur which are of an entirely 
different character from those with which we deal in studying in- 
organic matter. I wish again to express my thanks to the Philosophical 
Society for the great honor of being invited to give this Joseph Henry 
lecture, and to the audience for listening with such patience to my 
remarks. 


GENETICS.—Hybridity as a factor in evolution.' Ropert F. 
Grices, George Washington University. 


Of all the various factors that have been suggested as causes of 
evolution, hybridity looks, on first sight, the least probable. The 
limits within which species are cross-fertile are so narrow that there 
would seem to be little possibility of any such wholesale hybridization 
in nature’as would appear to be demanded if the motive power of 
evolution is to be found in hybridity. In fact, the suggestion that 
hybridization may have been a major factor in evolution sounds to 
most people almost absurd. 

The very idea of origin of species by hybridization involves almost 
a contradiction in terms. The best criterion of specific separability 
that can be framed is that the types in question will not interbreed. 
If, therefore, it is only exceptionally that hybrid intermediates be- 
tween species can be obtained, how much less likely is it that new 
genera, families, orders, or classes could owe their origin to hybridiza- 
tion? The mere suggestion that even such closely related animals as 
dogs and cats could hybridize is too far-fetched to be considered by 
anyone. This being the case, we should perhaps drop the whole matter 
here and go no further. 

Yet, since evolution by hybridization has been advocated by stu- 
dents whose biological contributions in other fields are respectable, it 
cannot be dismissed so cavalierly as that. The repute of the sponsors 
of the theory demands for it consideration on its merits. 


1 Address to the Paleontological Society of Washington, March 17, 1937. Received 
April 1, 1937. 
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In the first place, we may observe that the apparent absurdity of a 
scientific theory does not necessarily throw it out of court. While 
biology is still on a basis where nothing that does not appeal to 
“common sense” can command a hearing, the physical sciences have 
long since passed beyond that stage. Indeed, we biologists might well 
ponder the fact, for it is a fact, that the recent revolution in physics, 
with its many brilliant theoretical advances and its equally spectacu- 
lar practical applications, was made possible only by the willingness 
of physicists to follow theories which led them to tenets quite contrary 
to any common sense view of the universe. Einstein’s doctrines that 
time is not the same at the same instant in different places, or that a 
straight line is not the shortest distance between two points certainly 
cannot be fitted into any common sense ideology. The interesting 
thing about these seemingly nonsensical ideas of modern physics is 
that they seem to be true in spite of their apparent absurdity. 

The point for us, however, is not whether new ideas appeal to our 
common sense (which is, I fear, only another name for the complex 
of our prejudices and preconceptions) but whether they are sus- 
ceptible of objective test, observational or experimental. That is the 
great feature of Einstein’s ideas which the layman often overlooks. 
They were not such wild speculations as they sound, for, along with 
their very enunciation went concrete suggestions for quantitative 
experimental tests by which they could be established or rejected. We 
will do well in biology if we will consider new ideas in the same spirit. 

In the past we have done our science great harm by hastily accept- 
ing ideas which appealed merely to our ‘‘common sense.” A very large 
part of the success of the theory of Natural Selection lay in the vivid 
appeal of the phrases “struggle for existence” and “survival of the 
fittest.’’ Everybody thought he knew what the struggle for existence 
was and that he understood the survival of the fittest, and he straight- 
way adopted the ideas without critically thinking about them. The 
unfortunate fact is that three-quarters of a century after Darwin his 
ideas are still as he left them, mere phrases without experimental 
substantiation. As a matter of fact, nothing is less understood than 
the struggle for existence. 

The proper way for us to examine the réle of hybridity in evolution 
is, therefore, to inquire, first, what was the factual basis for its enun- 
ciation, and second, how can it be examined objectively. If we 
discover no way of attacking the problem, we should follow our first 
reaction and drop it. If it should become merely a speculative football 
it would do biology no good. But if it can be tested by a large body of 
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data, experimental or otherwise, it may lead us somewhere. The ques- 
tion which I shall consider tonight, then, is whether any such ob- 
jective approach to the idea is feasible. 

Going a little further now with the negative side of the question, we 
may point out that the difficulty suggested of accounting for the 
larger groups—genera, families, orders, classes, and phyla—is not 
peculiar to the hybridity theory but is shared by most other theories 
of evolution. 

It was not by accident that Darwin titled his book The origin of 
species. He supposed that he had discovered the factor responsible 
for the differentiation of homogeneous stocks into separate species, 
and he believed, or perhaps it would be more accurate to say that he 
hoped, that the operation of the same factor could, by something like 
extrapolation, account for the origin of genera, families, and larger 
groups. 

The same might be said of Lamarck with even greater emphasis, 
for while the differences between species are to a certain extent due 
to adaptations which might, perhaps, be acquired by something like 
use or disuse, the characters which distinguish the great groups are 
very much less adaptive. For example, the aorta in birds turns to the 
left and in mammals to the right; the one has feathers and the other 
hair, and it would be very difficult to believe that either of these 
conditions was brought about by adaptation to environment. 

As for mutation, we have plenty of experience with mutations in- 
volving superficial characters like pigmentation, but after all, a 
mutated cat is still a cat and we cannot imagine even so similar an 
animal as a puppy in a litter of kittens. 

For orthogenesis the case is different, because with orthogenesis, 
as with creation, all things are possible. But also, orthogenesis has 
little more to offer in the way of circumstantial explanation than did 
special creation. 

The fact that we cannot imagine hybridization to have played a 
réle in the evolution of the higher categories of plants and animals 
does not, therefore, militate against the theory as heavily as might 
have been supposed. 

Historically, the hybridity theory of evolution was propounded 
twenty years ago by Lotsy? of Leiden. Lotsy emphasizes the impor- 
tance of the recombination of Mendelian factors, and in the mere 
reassortment of these factors sees the explanation of the evolution of 


ma J. P. Evolution by means of hybridization. M. Nijhoff. The Hague, 
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many species. He specifically disclaims any attempt to explain the 
whole of evolution. For him the biological unit is the ‘“Jordanon’’ or 
Jordanian species, a group of completly homozygous individuals. Any 
heterozygosity to him is proof of hybridity. ‘‘All individuals able to 
produce more than one kind of gametes, e.g. gametes of different 
constitutions, are hybrids’’ (p. 28). 

Lotsy considers genera and all groups of a higher order as largely 
figments of the human mind, with only doubtful reality in nature. 
But he asserts that these higher orders also originated by crossing. 
“Crossing was the origin of the new classes; selection, the result of exter- 
mination by the struggle for life, the cause of their gradual extinction. 
[Italics in original.] Such extinction of classes must proceed con- 
tinuously until a happy meeting between two sufficiently differently 
constituted gametes, causes the origin of a new class.”’ (p. 135). But 
“‘A formation of new classes is not in action at the present moment, so 
that it is illegitimate to claim that one who wants to explain evolution 
must demonstrate how such a formation of new classes goes on”’ 
(p. 136). 

Nor does he believe in any progress in evolution. ‘‘Consequently 
the geological record gives no support to progression either, and we 
are perfectly justified to say that progression is a human conception 
and that progressive evolution does not exist’’ (p. 118). 

Lotsy thus considers only a small fragment of the problem of bio- 
logical relationship. And even within the circumscribed field which 
he has undertaken to elucidate he submits almost no evidence that 
his theory does, in fact, explain the origin of the phenomena ascribed 
to it. Considering the vast body of evidence which might have been 
marshalled for his proposition, it is very surprising that he should 
have contented himself with so speculative, not to say dogmatic, a 
treatment of the subject. 

Lotsy’s ideas of what amount to miraculous origins of new forms by 
rare chance fertilizations and his consequent disbelief in the gradual 
origin of families and other larger groups led him to value lightly all 
the homologies by which the comparative anatomists have built up 
their conceptions of relationship. 

Evidence that hybridism has something to do with variation and 
hence with evolution was brought forward half a century before 
Lotsy—before Darwin and before Mendel. Lotsy’s whole proposition 
is obviously a reaction to Mendelian thinking, but Mendel himself 
did not indulge in any such speculation. Rather, in the latter part of 
his paper he shows how the supposed transmutation of one type into 
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another through successive generations of hybrid stock is to be ex- 
plained by the operation of the principles of heredity he had dis- 
covered. 

Antedating Mendel’s publication, however, is a paper by Naudin® 
on hybridism considered as a cause of variability. Naudin’s work, 
unlike Mendel’s, attracted such considerable attention at the time 
that it was translated in the newly established Journal of the 
Royal Horticultural Society. Naudin records what we now know as 
Mendelian segregation in the second generation of his hybrid plants, 
but failed to understand it. He also described hybrid vigor as regu- 
larly occurring in the first generation of his crosses and as disappear- 
ing in subsequent generations. He gave much experimental data, e.g. 
he made 130 hybrids of Datura. He recognized that reciprocal hybrids 
are identical, which was one of the great contributions of Mendel also. 
He believed that the variability of such genera as Saliz was due to 
hybridity. 

First-generation hybrids of Datura feraxxlaevis were uniform and 
the reciprocal hybrids identical, but in the second generation “the 
most astonishing diversity succeeded the former great uniformity. ... 
“T could bring forward many other examples of the excessive varia- 
bility which arises in consequence of crossing.” 

He recorded striking hybrid vigor between Mirabilis longiflorax 
jalapa, whose progeny in the first generation “became enormous. 
Intermediate in the same degree between the parent species, which 
they far surpassed in stature, they resembled each other as exactly 
as possible, which might be expected as they belonged to the first 
generation.”” Of the second generation he said: “‘None of them ac- 
quired the large stature of the hybrids of the first generation; none, 
moreover, resembled them’’—two were similar, the others very 
diverse. 

More recently many writers have discussed hybridism as an evolu- 
tionary factor, and much controversy has developed as to the means 
of recognizing hybridity. Into this question it would not be appro- 
priate to go in this place. The whole subject is in an incoherent 
amorphous stage. Doubtless, as more work is done, definite canons 
for research will crystallize out of the heterogeneous mass of facts and 
ideas floating around at present. 

Meanwhile, further comparisons with other types of evolutionary 
theory may be useful. 


* Naupin, Cx. On hybridism considered as a cause of variability in vegetables. 
C. R. Nov. 21, 1864. Trans. Jour. Roy. Hort. Soc. 1(1). 1866. 
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Natural Selection drewa large part of itssupport from analogy with 
Artificial Selection, the process by which the extremely diverse types 
of domestic animals and cultivated plants (cultigens, as they have 
been called) were supposed to have originated. It was because of the 
importance of this analogy to his theory that Darwin devoted so large 
a part of his time to searching out the origin of domesticated types. 
It is a curious fact that in all the battle over Darwinism nobody ques- 
tioned the efficacy of Artificial Selection. The validity of the analogy 
between breeds and species was vigorously attacked but not the origin 
of breeds. Agassiz said: “Selection is no doubt the essential principle 
on which the raising of breeds is founded and the subject of breeds is 
presented in its true light by Mr. Darwin.’’* Yet we Know now that the 
origin of cultigens was one of the things least understood in Darwin’s 
time. The present knowledge of cultigens was, indeed, one of the 
chief agencies in undermining Natural Selection. 

It was on the same rock that DeVries’ theory of mutation struck. 
It was later proved that the true-breeding Oenothera mutants which 
DeVries had found, sprang, not as he supposed, from a wild species, 
but from a cultigen which, as he discovered later very much to his 
chagrin, grows wild nowhere in the world. Oenothera lamarckiana is a 
hybrid which has been reproduced by crossing two wild species, 
Oenothera biennis and O. franciscana.® 

In the hybrid origin of DeVries’ oenotheras we have, naturally, a 
strong suggestion of the possibility of the hybrid origin of mutants in 
general and so of the whole of evolution. We will return to this. Mean- 
while, we may take the other hint given us by DeVries’ experience and 
examine cultigens more closely. 

It is hardly too much to say that the origin of a majority of our 
staple food plants is as much a mystery as the origin of Orders and 
Familes. No man has ever seen growing in the wild, maize, bananas, 
sweet potatoes, cocoanuts, garden peas, tobacco, peanuts, lentils, or 
cassava. Neither has any wild species ever been discovered which, by 
such selection as Darwin relied on, could give rise to them.’ No wild 
plant bearing anything even remotely similar to an ear of corn has 
been found after the most thorough search of the territory in which 


* Acassiz, L. Am. Jour. Sci. 30:147. 1860. 
ene Davis, Braptey Mors. Oenothera neo-lamarckiana. Am. Nat. 50: 688-696. 
* The experiments of Johannsen (Ueber Erblichkeit in Populationen und in reinen 
Linien, Jena 1903) on garden beans and of many later workers on both plant and 
animal material have shown that within the limits of experimental experience, selec- 
tion by itself is able to make practically no change whatever in an organism. 
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maize must have originated.’ If we consider domestic animals, the 
case for nearly all of them, on Darwin’s own showing, is nearly as bad. 

There would be little profit for us here to go off into speculation as 
to the factors which have been at work in producing these old culti- 
gens. But it may be worthwhile to look around among them for some 
whose origin is more recent and better authenticated. 

Such are not to be found among the domestic animals or the staple 
crop plants of any people. All of these go back into the obscurity of 
antiquity, where they cannot be traced. But fortunately there is one 
type of cultigen which has been produced very recently and con- 
cerning which in some cases we have fairly detailed records. I refer to 
ornamental plants, nearly all of which have undergone great develop- 
ment within the past century. 

Even among ornamentals of recent origin, recorded pedigrees of 
sufficient detail and accuracy for analysis are scarce. But wherever 
the facts have been obtainable the course of events has proved sub- 
stantially the same. 

In the beginning, nature lovers have dug up wild plants and grown 
them in gardens. Despite the belief entertained by Darwin and his con- 
temporaries that domestication by and of itself in some mysterious 
way induced variability, many of these old species have been culti- 
vated for centuries without undergoing much of any modification. 
Foxgloves and canterbury bells, geese and guinea fowl are very much 
as they were when first domesticated. 

In contrast with such types others, like roses, dahlias, sheep, and 
dogs, show a diversity under domestication without parallel in the 
wild. When we search for the differences between the stable and the 
variable domesticated types, we find in every case where the facts are 
obtainable that hybridization has preceded the production of the 
polymorphic cultigens, while the stable types have no close relatives 
in domestication with which they could have been crossed. 

A list of familiar cultigens which owe their character largely to 
hybridization includes azalea, begonia, calceolaria, cineraria, citrus, 
clematis, columbine, dahlia, delphinium, freesia, fuchsia, geranium 
(pelargonium), gladiolus, hibiscus, iris, ixia, peony, petunia, potato, 
rhododendron, rose, strawberry, sweet pea, tomato, tulip, verbena. 

But polymorphic cultigens are not, for the most part, simple hy- 
brids. Where their history can be made out the sequence of events has 
generally included three stages: (1) the collection of numerous wild 


7 Kempton, J. H. Maize, the plant breeding achievement of the American Indian, 
Smithsonian Scientific Series. 11: 319-349. 1931. 
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species of a group; (2) a preliminary period of hybridization in which 
the results follow the ordinary expectations of Mendelian segregation 
and recombination; (3) what the horticulturists call a ‘“‘break,”’ when 
suddenly and all at once a large number of new forms burst forth 
unexpectedly as a result of further crossings. These breaks are 
entirely unpredictable in the light of our present knowledge and they 
have usually arisen in the gardens of practical men who could better 
preserve and disseminate the wonderful new varieties they had found 
than analyze the biology of what had occurred. 

I doubt if anything could be more conducive to one’s understanding 
of the processes of evolution than detailed consideration of the history 
of a cultigen in which such a “‘break’’ has occurred. There is no time 
here to go into the minutiae of the case, but I shall recount briefly 
the history of garden cannas. 

Because of their luxuriant tropical foliage, cannas early attracted 
the attention of connoisseurs of exotics. A number of species were 
introduced from the wild during the first half of the nineteenth cen- 
tury. Bouché in 1833 grew in Berlin 37 of the 48 known species. The 
cultivation of these wild unimproved forms, however, died out soon 
after the middle of the century, and many of them have since been 
lost. An index of the interest in this line is afforded by the plates of 
Curtis’ Botanical Magazine, which made a practice of figuring the 
novelties that were brought to British hothouses. Between 1787 and 
1904 this serial gives 12 plates of cannas. All were before 1856 and all 
but two before 1825. During this early period nobody thought of 
growing cannas except as foliage plants in the greenhouse. Outdoor 
culture was a daring innovation, as witness the following comment by 
Seeman in 1855 on C. warscewiczii, from Central America, one of the 
three most important parents of present varieties (see Fig. 1): 

In German gardens this canna is planted during the summer in open 
borders where it succeeds extremely well, as is also the case with other 
cannas, marantas, musas, begonias, bambusas, ete. In England this mode 
of culture has not yet been tried, probably from the prevailing notion that 
the difference of temperature of the two countries from May to October is 
too great to allow the experiment to succeed. There is no harm in trying it, 
especially as the case is not quite a hopeless one. The Germans formerly 


never dreamed that they should one day behold broad-leaved banana trees 
and cannas in their gardens flourishing with tropical luxuriance.* 


The second period of canna culture centered about the work of 
Théodore Année who, enthused about cannas by a sojourn in South 
America, undertook to transform cannas from greenhouse curiosities 


8 Curtis’ Bot. Mag., table 4854, June, 1855. 
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to outdoor plants. A good measure of his success is the fact that 20,000 
clumps of his best variety, C. annéei, were planted in the public 
grounds of Paris in 1861.° His spirit was that of an amateur lover of 
fine flowers rather than that of a scientist or even a commercial horti- 
culturist. Consequently we have very scanty records of the parentage 
of his varieties. And as all later work was based on his, this becomes an 
irretrievable gap in our knowledge of the evolution of garden cannas. 
Nevertheless, there are few even of ornamentals for which the de- 
ficiencies in our knowledge are not worse. 














Fig. 1.—Ancestors of modern cannas—wild species and early hybrids. Flowers 
half natural size. A, Canna annéei, plant and flower. E, C. ehemanni (1 X W). 
Semipendent. G, C. glauca, source of the gene for yellow in cannas. I, C. iridiflora, 
pendent. W, C. warscewiczit, source of the gene for red in cannas. From the original 
figures. See text for citations. 


Canna annéei was a lanky plant more than 13 feet tall with a few 
small salmon-pink flowers about the size of a snapdragon (Fig. 1). No 
one could imagine it being planted today, but it was a great favorite 
for several decades. 

From the point of view of usefulness for further breeding and of 
beauty of its flowers the most noteworthy of the early hybrids was 


® Rev. Hort., p. 469, 1861. 
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C. ehemanni, which is also attributed, though somewhat doubtfully, 
to Année. Positive and definite reports have it that this came from a 
cross of the small-flowered, brilliant red C. warscewiczii, alluded to 
above, and the pale, large-flowered C. iridiflora from Peru (Fig. 1).'° 
It is probably safe to conclude that it sprang from the parents 
reputed, for no other plants known at the time could well have pro- 
duced it. But it is doubtful whether it was a simple hybrid between 
these species. The cross was said to have been made by Année in 1863, 
but the hybrid plant was not described until 1875 and it seems un- 
likely that the finest canna of its time could have remained in ob- 
scurity for twelve years." In view of its remarkable advance over 
either of its reputed parents, it is most unfortunate that we have no 
exact record of the time and place of its origin and of the name of the 
hybridizer. 

While Canna ehemanni might be classed as intermediate between 
its parents, its flowers far surpassed either in effectiveness. They were 
nearly as large as the larger (iridiflora) and twice as numerous as the 
more floriferous (warscewiczii). The staminodes of iridiflora measured 
about 15 sq. cm., those of warscewiczii 2 sq. cm., and those of 
ehemanni 12 sq. cm. The number of flowers in iridiflora was about 6, 
in warscewiczii about 20, in ehemanni 40. Again, in color it was 
superior to either parent, for the deep scarlet of the petals had spread 
over the calyx, which had scarcely a trace of color in either parent. 

The important thing to keep in mind with Canna ehemanni is its 
progress beyond anything known in the wild. The ‘“‘break’”’ was com- 
ing. In the next decade, that following 1880, the French breeders, of 
whom Antoine Crozy was the most celebrated, developed what were 
known as “gladiolus-flowered” cannas. This name, said a horti- 
cultural periodical” of the time ‘‘has been suggested for a remarkably 
beautiful class of cannas whose blossoms are almost as large and 
showy as those of the gladiolus.” 

The tradition concerning the origin of these gladiolus-flowered or 
French cannas was given in a letter by Henry L. de Vilmorin, one of 
the leading horticulturalists of his day, as follows: “It is the current 
belief in this country [France] and it seems confirmed by experiment 
that the new breed of floriferous cannas (i.e. the French dwarfs) 
originated by the crossing of Canna ehemanni with C. warscewiczii 
and with C. en BN Fig. 1), the former producing red flowers and 


1 Rev. Hort. p. 111, 

1 Rev. Hort., pp. abi ‘and 321, 1875. 

1 Garden. March 2, 188 

1% Smita. Exot. Fl. 2: %102. 1805. C. glauca is an aquatic plant from the 
West Indies and South America. 
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the latter specially yellow-flowered varieties. Both original crosses 
intercross readily, and in later years I have had many crosses made 
every year and raised and named several dozen new seedlings using 
the best varieties of my own and Crozy’s raising, without introducing 
new blood into the breed.’’* 

Our credence of this straight-forward statement of ‘‘current belief” 
in the origin of French cannas must be modified by two circumstances: 
(1) Our knowledge that Année’s early hybridization involving addi- 
tional species had more to do with the foundation stock than Vil- 
morin realized. (2) From the species listed it is difficult to account 
for the numerous purple-leaved varieties of canna. This character, 
it would seem, must have come from C. discolor, which has such 
leaves. However, the flowers of that species (or perhaps it was itself 
a hybrid) have not had any discernible effect on modern cannas. 

Turning now to a more detailed consideration of the methods used 
by the French breeders, we are told by the most famous of them, 
Antoine Crozy: 


As to the number of crosses raised by me, I suppose that I have raised 
without exaggeration some 180 to 200 varieties which, step by step, showed 
improvement over the older kind. Among my varieties not yet in commerce 
are cannas with flowers measuring from 4} to 6 inches in diameter. These 
have all very glowing colors and bear immense flower trusses. 

My constant zeal for superior varieties shows successes every year in 
regard to color as well as size and number of flowers. The flowers now are 
borne more erect, are of better substance, and show broader, rounder petals, 
and some are of a size not known before." 


Examination of Crozy’s catalogs shows that his claim of 180-200 
varieties is not an exaggeration but an understatement. I have not 
been able to lay hands on the full series of catalogs, but among those 
available an even 200 novelties are listed as produced by himself 
before the date of his statement. It is clear from the literature that 
in the production of cannas, once the right foundation stock was ob- 
tained, there was very little artificial selection of the sort hypothe- 
cated by Darwin. Though Crozy says he threw away many inferior 
sorts, rejection of culls played a very small réle. 

Rejection likewise was of no importance in the next great step in 
the improvement of the canna. Sprenger,'* who originated modern or 
“orchid flowered’”’ cannas, fertilized the flower of the most cele- 
brated of the French cannas, Madame Crozy (Fig. 2), with pollen 


P 4 In a letter published by F. A. Waugh in the Tenth Ann. Rept. Vermont Expt. 
tation. 

% Gard. Chron. Ser. III 21: 362. 1897. 

16 SpRENGER, Cas. Rev. Hort., p. 85, 1896. 





340 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 27, NO. 8 


from the wild Canna flaccida. There was produced only one pod with 
three seeds, each of which gave rise to a new variety with flowers of a 
size previously undreamed of. The average staminode in these flowers 
attained an area of about 27 sq. cm. as compared with 9 sq. cm. in 
one parent and 7 in the other. 














Fig. 2.—The first modern canna and its ents. Half natural size. C, Canna 
Madame Crozy (a complex hybrid involving the stocks shown in Fig. 1). I, Canna 
italia. F, Canna flaccida, native to Southeastern U.S.A. From the original figures. 


Further testimony as to the small rédle played by rejection in 
plant improvement comes from Marion Shull, who relates (oral com- 
munication) the following experience with a cross between the iris 
varieties King and Julia Marlowe. A single pod with 8 seeds was ob- 
tained. Three of the plants from these received honorable mention 
among the novelties sponsored by the American Iris Society. Two 
more, though very fine varieties, were not sufficiently distinctive for 
exhibition, yet have been kept in the garden ever since for his own 
enjoyment. A sixth was practically identical with one of the parents, 
leaving only two to be rejected, and Shull adds that these were better 
than many of the “choice’”’ varieties commonly grown, To one who 
supposes that selection on a large scale is a necessary part of plant 
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improvement, a visit to Shull’s garden is highly instructive. There, 
on a little plot of ground about 50X50 feet, have been originated 
probably more superior varieties of iris than in any other garden, and 
yet more ground is given over to the multiplication of old varieties 
than to the production of new ones, and a large fraction of the space 
is occupied by other plants grown entirely for ornament. Further, the 
rejects that are culled out are nearly all thrown away because they 
are not sufficiently different from older types rather than because 
they are inferior. 

The most important feature of the origin of cultigens through hy- 
bridization is its progressive character, which is recognized by all 
breeders. The new forms cannot be interpreted at all as due to re- 
combinations of characters already present. There is an emergence 
of new characters previously considered impossible. In the light of 
what has since occurred the following rebuke by André, the experi- 
enced editor of Revue Horticole, 1866, to the enthusiasm of Sisley, 
who encouraged by a preliminary success, dared predict cannas with 
flowers ‘‘as big as gladioli’’ is significant as well as amusing. He says 
that while he fully appreciates the marvelous improvements made by 
breeding, ‘‘the cannas already obtained clearly reveal the limit which 
we may not pass beyond—it is not possible to nourish the hope of 
those famous cannas with flowers like gladioli on which M. Année 
counted formerly but no more.’”’ To appreciate the force of this 
opinion one must remember that it was written before even C. 
ehemanni was known. 

The nature of the “breaks” by which cultigens rise out of the 
apparent limitations of their ancestry into new classes of utility in 
size or productiveness is not at all adequately understood. In some 
cases they are due to the iacidence of polyploidy, as discussed below. 
The phenomenon of the break can be expressed in the terminology 
of genetics'* by using the conception of latent genes. To speak of a 
latent gene does, however, little more than name a phenomenon which 
is as mysterious as ever. Yet it might perhaps provide a point of view 
from which experimentation could start. 

In the light of our present knowledge of cultigens, then, it begins to 
appear possible once more that Darwin was right in supposing that 
the improvement of domestic plants and animals was the key to the 
origin of species. 

Meanwhile, there are some other phenomena more or less con- 


17 Gard. Chron., p. 537, 1866. 
tag K: Nasons. Emergent evolution and hybridism. Science 71: 371-375. 
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nected with hybridity which have a very interesting relation to the 
origin of hereditary variants and are probably significant to evolu- 
tion in the large, namely, polyploidy and various aberrations in the 
chromosome numbers. Each of these in itself is a very large subject 
which would demand a paper like this for its presentation even in a 
general way, so that they can be no more than alluded to here. 

It is now well known that in many series of related plants the vari- 
ous species are characterized by chromosome numbers in some small 
(polyploid) multiple of a single number which appears to be the 
fundamental or original ancestral number for the group. The various 
types of wheat, for example, have 7, 14, 21, or 28 chromosomes. The 
chrysanthemums 9, 18, 27, 36, 45, or 90. Domesticated genera in 
which polyploids play a part include blackberries, blueberries, can- 
nas, cottons, daturas, day-lilies, hyacinths, oenotheras, primulas, 
roses, solanums, and tomatoes, to name only a few, and the list is 
being extended every day. 

For some reason not at all understood polyploidy is all but un- 
known among animals. Until this apparent divergence between the 
two kingdoms is accounted for one must, of course, have some reserva- 
tions concerning the general importance of polyploidy because, as- 
suredly, the forces at work in the evolution of plants and of animals 
are essentially similar. 

Some polyploids originate through irregularities in chromosome re- 
duction incident to partial incompatibility of hybrid plasmas. In this 
way triploids may occur when types having n and 2n chromosomes are 
crossed. Or, failure in reduction may result in 2n gametes and so in 
4n or tetraploid individuals which differ from either of the parent 
stocks. Such irregularities as these may be found to account for much 
of the emergence of new characters in hybrids. But polyploidy is by 
no means exclusively a result of hybridization; it has been induced 
artificially a number of times by a sudden chill to a greenhouse in 
which plants were at the critical stages. 

Partial incompatibility of germ plasms frequently results in more 
irregular differences in chromosome distribution whereby offspring 
arise which lack one or two of the parental chromosomes or have one 
or two supernumerary chromosomes. Once established, these irregu- 
larities are often hereditary, and they have a pronounced effect on 
the character of the offspring. Blakeslee’s researches on the jimson 
weed are the most thoroughgoing and outstanding work of this 
field.?* 


1° BLAKESLEE, ALBERT F. New jimson weeds from old chromosomes. Jour. Hered. 
25:81-108. 1934. 
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But enough has yet been done to permit a satisfactory opinion as 
to the importance of polyploidy and chromosome aberration in the 
grand sweep of evolution, but it is clear that there is here a field of 
very great interest and importance. Neither is the relation of these 
phenomena to hybridity entirely clear. 

The cytologists who have done the work have been markedly reti- 
cent as to the ultimate origin of the plants in which they found this 
remarkable chromosome behavior. Some, like Datura and Oenothera, 
belong to groups in which hybridity is known to have occurred on a 
large scale. But no very definite correlations between the aberrant 
cytology and hybridity have been made. One of the most promising 
fields for research in the whole field of biology, so it seems to me, lies 
just here. A detailed understanding of what happens cytologically and 
genetically when horticultural breaks occur is very much needed and 
ought to throw a flood of light not only on the origin of cultigens but 
on the fundamental problems of evolution as well. 


BOTAN Y.—Phyllostachys sulphurea var. viridis var. nov. and P. 
edulis (Carr.) H. de L.1 Ropert A. Youne,’ Bureau of Plant 


Industry. (Communicated by 8S. F. Buaxs.) 


The name Phyllostachys mitis as used by A. & C. Riviére* has been 
a source of confusion. The name itself was based on Bambusa mitis 
Poiret,* which in turn was based on Arundo mitis Lour. Loureiro’s 
species has not been identified; Merrill’ refers it to Dendrocalamus, 
the species undetermined. Loureiro describes the flowers as having 6 
stamens, the culms as terete, and the panicle as simple, whereas in 
Phyllostachys the stamens are always 3, the culms are flattened or 
grooved on one side of each internode, and the inflorescence is com- 
pound and not a simple panicle.* “Bambusa edulis,” without author, 


1 Received March 1, 1937. 

* The author is indebted to Dr. 8. F. Blake, Mrs. Agnes Chase, the late Dr. A. 8S. 
Hitchcock, Dr. F. A. McClure, and Paul Russell, of the Division of Plant Exploration 
and Introduction, Bureau of Plant Industry, for valuable assistance and counsel in the 
preparation of this pee. 

3 Riviére, A.& C. Les Bambous 231. 1879. 

‘ Lam. Encycl. 8:704. 1808. The name as published there is Bambos mitis Lour., 
but Loureiro’s name was Arundo mitts. : 

5 MerrRiLL, E. D. A Commentary on Loureiro’s Flora Cochinchinense. Trans. Am. 
Phil. Soc. n. s. 24(2): 85. 1935. 

* The fact that Bambusa mitlis Poir., the name-bringing synonym of ‘‘Phyllostachys 
mitis A. & C. Riv.,” belongs to a different genus was pointed out by J. Houzeau de 
Lehaie, under the caption Les Deux Phyllostachys mitis, in Le Bambou, 1: 38-40. 
1906. He attempted to show that the Riviére species should have been based on B. 
mitis Hort. ex Carr. but this was an error, since on this species Carriére (Rev. Hort. 37: 
380. 1866) based his Bambusa edulis. In the paper by Houzeau de Lehaie, just cited, 
it was also shown that Carriére’s edulis is an earlier valid name for the previously pub- 
lished Phyllostachys pubescens Mazel ex Houzeau de Lehaie. 
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cited as a synonym by A. & C. Riviére, is, if B. edulis Carriére is re- 
ferred to, a very different species. If not Carriére’s species, the name 
as given has no standing. 

It is certain that A. & C. Riviére misapplied the name mitis and 
that another name must be found for the species in cultivation com- 
monly known as Phyllostachys mitis. The detailed description given 
by the Riviéres of their so-called P. mitis shows conclusively that it is 
a green-stemmed form closely related to P. sulphurea A. & C. Riv.’ 
Study of living plants of the forms now known in Europe as P. 
mitis and P. sulphurea has convinced the writer that though varie- 
tally distinct the two belong to the same species, a conclusion tenta- 
tively reached by Freeman-Mitford* and Houzeau de Lehaie.® 
Among other characters, the buds of the rhizomes of these bamboos 
have been examined by the writer and they furnish confirmatory evi- 
dence of the specific identity of the two forms; the buds are of dif- 
ferent shape from those of P. bambusoides Sieb. & Zucc., with certain 
varieties of which P. sulphurea has been confused in the literature. 
Such confusion could hardly take place if the student of bamboos 
were acquainted with the plants of P. sulphurea as well as with those 
of P. bambusoides and its varieties. 

Makino” in 1912 erroneously identified Phyllostachys sulphurea 
A. & C. Riv. with a rare cultivated variety, Ogonchiku, or Kinchiku 


(golden bamboo), of P. bambusoides Sieb. & Zucc. (P. reticulata 
(Rupr.) C. Koch) and published the name P. reticulata var. sulphurea 
Makino. The brief description does not include characters that dif- 
ferentiate P. sulphurea. Takenouchi" in 1932 accepted Makino’s 
judgment in the matter and repeated the statement that the variety 
is cultivated (in Japan). However, the well-known Japanese horti- 
culturist and bamboo specialist, Isuke Tsuboi,!* was unable to- find 


7 Rivitre, A. & C. Les Bambous, 285. 1879. The plant of Phyllostachys sul- 
phurea, upon which the somewhat meager description was based, received at the Jar- 
din de Hamma, Algiers, in 1871, is stated not to have survived the first summer, hence 
the lack of details concerning it. The Riviéres cited Bambusa sulphurea Hort., a name 
without standing. They do not refer to Bambusa sulfurea of Carriére (Rev. Hort. 45: 
379. 1873), which fact obviates any need to discuss in this paper the question of what 
the identity of that species may be. 

§ FreeMan-Mirtrorp, A.B. Bamboo Garden, 122. 1896. 

* Houzeau pe Lenaisz, J. Le Bambou, 1: 57; 1: 134. 1906;.2: 214. 1907; 2: 261; 
288; pl. 8, 1908. Bul. Soc. Dendrol. de France, No. 14, 254. Nov. 15, 1909. 

1 Makino, T. Bot. Mag. Tokyo 26: 24. 1912. 

™ Taxenovucal, YosHi1o0. Studies of Bamboos (in Japanese, except scientific names) 
145. 1932. (Tokyo). 

% Tsuspol, ISUKE. ark of Bamboos (Japanese text, 63 pp., and set of 109 
colored plates), item no. 9; pl. 5. ed. 2. 1916. The author states that while Kinchiku 
was reported in older Japanese works to be ores in Satsuma, Ryukyu, and Abo he 
failed to find a single plant when he visited those localities. He illustrates culm, rhi- 
zome, and leaves but the yellow culm does not display the characteristic narrow green 
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(1916) the variety Kinchiku in any of the places in which it had been 
reported to be grown and had doubts of its continued existence in 
those localities. Houzeau de Lehaie,” indeed, once doubtfully sug- 
gested Japan as the country from which P. sulphurea had been in- 
troduced into Europe, but there appears to be no substantial evidence 
that it occurs in Japan. 

Nakai“ in 1933 erroneously referred Phyllostachys sulphurea to 
P. reticulata var. holochrysa Nakai, as a synonym. Nakai’s variety, 
based on P. bambusoides var. Castilloni holochrysa Pfitzer ex Houzeau 
de Lehaie,” is not known to the present writer but the brief descrip- 
tion precludes the possibility of its identity with P. sulphurea. Nakai" 
adds in a note (in Japanese) following the synonymy in his publica- 
tion of var. holochrysa that it is of Chinese origin, is said to have been 
introduced into Europe from China in 1865, and that the history of 
the variety in Japan is not known. From this it may fairly be inferred 
that he had not seen a plant either of var. Castilloni holochrysa Pfitzer 
or of P. sulphurea A. & C. Riv. 

Although the characters indicate that the plant hitherto known as 
Phyllostachys mitis probably represents the original wild form of the 
species and that known as P. sulphurea (biologically) a variety of it 
(as proposed and informally published by Houzeau de Lehaie),’ under 
the rules of nomenclature the name P. sulphurea A. & C. Riv., pub- 
lished in 1879, becomes the specific name of the aggregate, whereas 
the plant until now known as P. mitis becomes the variety. For this 
the following name is proposed. 


Phyllostachys sulphurea var. viridis R. A. Young, var. nov. 
Phyllostachys mitis, as misapplied by A. & C. Riviére, Les Bambous 231. 
1879. 


Culmi omino virides, usque ad 14 m alti, quam ei formae typicae altiores 
sed infra tenuiores; folia viridia numquam striata. 

Type deposited in the U. S. National Herbarium, nos. 1682470 and 
1682471, collected in Plant Introduction Garden, Savannah, Georgia, 
Jan. 11, 1937, by D. A. Bisset; grown from material obtained from Gaston 
Negre, Generargues, France, under the name Phyllostachys mitis. 


stripe of Phyllostachys sulphurea on any of the internodes, and the other characters 
shown are not sufficiently distinctive to establish identity with any bamboo known to 
the present writer. The source of the material from which the illustration was prepared 
is not indicated and no description of the plant is given. Furthermore, the author 
finally expresses the opinion that the yellow color mentioned for the culm of Kinchiku 
probably was of a kind that he had observed in another bamboo to result from high 
summer -rearg m (The foregoing is based on a translation by Saburo Katsura, Bu- 
reau of Plant Industry.) 

18 Houzeau DE Lenais, J. Le Bambou, 2:230. 1908. 

4 Naxal, T. Journ. Japanese Bot. 9: 34. 1933. In his Se on gd Nakai omits 
he name Castilloni, which was part of the full name as published by Houzeau de 

aie. 

4% Hovuzwau DE Lenaig, J. III Cong. Int. Bot. Brux. 228. 1910. 
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The varietal name Phyllostachys sulphurea var. viridis refers to the green 
color of the culm and branches as contrasted with the clear sulphur yellow 
of the species itself. There are also other distinguishing characteristics in the 
species, P. sulphurea, such as the presence of one or two narrow green 
stripes on the rounded part—never on the grooved or flattened side—of 
most of the internodes of the yellow culm, an irregular broken ring of green 
beneath each node, and a tendency of the evenly tapering culm to be larger 
in diameter at the base for its height than in the green-stemmed form. 
A single green stripe is present on many of the lower internodes of the main 
branches, and an occasional Jeaf has one or a few slender white or yellowish 
stripes. The green striping of the culm was observed by Lehaie,® though 
other authors fail to mention this character. Mitford*® says of P. sulphurea 
that it is much hardier than “P. mitis’’ and of inferior stature, but no definite 
confirmation of the reported hardiness can yet be given from observations 
in the United States. 

Phyllostachys sulphurea has never been adequately described, a fact which 
largely accounts for the uncertainty as to its identity and the resulting con- 
fusion in nomenclature. For this reason the following description of the 
vegetative characters is here offered. 


Culms about 5 m (may later reach 10 m) high, not as tall as those of var. 
viridis but somewhat thicker at base for the height and tapering evenly to 
the tip. Supranodal rings of culm, except in upper part, only a little more 
prominent than the nodal rings. Culm and branches of a clear sulphur 
yellow, but frequently with 1 or 2 rather narrow green stripes variously 
situated on the rounded part of each internode of the culm and one stripe 
on some of the lower internodes of the branches, beneath each node of the 
culm a broken ring of green, jagged in outline on the lower edge, often later 
obscured by a sooty fungus. Rhizome buds circular in outline. Culm sheaths 
entirely glabrous, margins smooth, outer surface of lowest ones brownish 
yellow when fresh, blotched and spotted with brown, those above sixth 
node yellowish with green veins, irregularly and often sparsely speckled and 
spotted with paler brown; ligule distinctly truncate, membranaceous, 2.5 
mm high at about the eighth node of a culm 2.5 em in diameter at base, 
glabrous, margin slightly irregular, minutely fimbriate; pseudophylls linear, 
ribbonlike, about 4.5 cm long and 5 mm wide on sheath of eighth node, two- 
thirds the width of the ligule, glabrous, margins of uppermost slightly sca- 
brous, others smooth, all without auricles or bristles at the base or, at most, 
with rudimentary auricles, all except the lowest pseudophylls tessellated. 
a narrow, bright-green stripe in center, pale maroon to salmon on margins. 
Branches two at each node, unequal, as usual in Phyllostachys. Leaves 2-3, 
proximate at tips of twigs (branchlets), the lower sheaths almost completely 
overlapping those above, the lowest slightly pubescent on upper part, oc- 
casionally with outer margins obscurely ciliate near summit, upper sheaths 
densely puberulent, especially at summit, the collar densely pubescent at 
first ; auricles more or less prominent, with whitish radiating scabrous bristles 
(oral setae) 3-5 mm long; ligule rather prominent, about 1.5 mm high, 
except on uppermost sheath of twig, notched and minutely ciliate on margin, 
densely puberulent outside at base; petiole 3 mm long; blade lance-oblong 
to lanceolate, acuminate, somewhat rounded at the base, 4.5-12.5 cm long, 
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8-17 mm wide, green and glabrous above, rarely with one or a few slender 
white or yellowish stripes, paler, scaberulous, densely puberulent along the 
midnerve and toward the base beneath, otherwise scabrous, cilio-scabrous 
on one margin, secondary veins 5-6 pairs, rarely 4 or 7, intermediate veins 
7-9, rarely fewer. 

Since Phyllostachys sulphurea and its variety viridis have been confused 
with P. bambusoides Sieb. & Zucc. and some of its varieties, it may be well 
to mention a few characters that clearly differentiate the latter group from 
the former. In P. bambusoides the internodes of the young culms are at first 
a brilliant green, in contrast with the glaucous green of P. sulphurea var. 
viridis, and the rhizome buds are somewhat triangular in outline instead of 
circular. The culm sheaths from the eighth node upward bear conspicuous 
auricles with bristles, the sheaths are ciliate on the outer margin, and they 
commonly have a darker ground color and are more profusely spotted, 
blotched, and streaked than in P. sulphurea or its variety; the culm-sheath 
ligule is usually more or less obtuse rather than truncate. The leaves are 
3-4 on a twig, usually larger and more undulate than in either of the forms 
of P. sulphurea, and the sheath ligule is less than 1 mm high. 


This study of Phyllostachys sulphurea and its variety viridis is 
based on living material grown from plants obtained under the names 
P. mitis and P. sulphurea by the United States Department of Agri- 
culture from French and English nursery firms between 1920 and 
1930. They are growing at the Barbour Lathrop Plant Introduction 
Garden of the Department, at Savannah, Ga. Plants of P. sulphurea 
var. viridis, under the name P. mitis, were received twice, from nurser- 
ies in southern France. There are minor differences between these 
two introductions but the plants of both agree in essential respects 
with the Riviére description. It appears that the bamboos grown by 
the Riviéres in the Jardin du Hamma at Algiers, were not kept 
labeled, hence the identities of these plants are now known only by 
imperfect tradition among the present gardeners at Hamma. Even 
with the hearty cooperation of Dr. R. Maire, of the University of 
Algiers, it has not been possible to obtain positive evidence from that 
source on the more difficult questions of identity concerning the 
Riviére bamboos now growing at Algiers. It has recently been learned 
from the Museum d’Histoire Naturelle, of Paris, that these species 
are not represented there by authentic specimens, 

Allusion was made at the beginning of this paper to the confusing 
by A. & C. Riviére of a Bambusa edulis (without name of author) 
with their so-called Phyllostachys mitis. The Riviére publication 
naturally involved B. edulis Carr."* in the confusion. Phyllostachys 


1 Carrizre, E.A. Rev. Hort. 37: 380. 1866. 
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edulis (Carr.) H. de L. based on that species, is an edible bamboo 
with hairy blackish sheaths, while the culm sheath of “P. mitis’’ was 
described by A. & C. Riviére as being entirely glabrous. Carriére’s 
description of the sheaths of “‘B. edulis’ applies fairly well to P. 
edulis (Carr.) H. de L. and does not well apply to any other known 
species. It is of interest that as early as 1897 Makino’’ had observed 
(presumably from the Riviére illustration of a young culm with 
heavily spotted sheaths) that ‘“‘P. mitis,’”’ described by A. & C. 
Riviére, bore a strong likeness to Madake (P. bambusoides) but did 
not resemble Mosochiku (P. edulis, for which at that time Makino 
apparently had no scientific name). As his note on the question was 
published in Japanese, however, this important observation of the 
distinctness of Mosochiku from “‘P. mitis’’ seems to have remained 
unknown to European botanists until the facts concerning Mosochiku 
were recognized by Houzeau de Lehaie,'* in 1906. 

In 1906 Houzeau de Lehaie’® published the name Phyllostachys 
pubescens Mazel, presumably because Mazel, the deceased horticul- 
turist by whom it had been grown for many years, had called it by 
that name. In another article in the same publication Houzeau de 
Lehaie!® showed that the correct name for the species was Phyllo- 
stachys edulis, based on Bambusa edulis Carr., and formally pub- 
lished it. He reverted shortly afterward to the name P. pubsecens, but 
instead of using Mazel’s name as authority he gave his own initials 
and continued to use them in his later published references”: to the 
species. 

The specific name edulis was again taken up by Makino” in 1912 
and was also used by Tsuboi* in 1916, though both authors erred in 
citing A. & C. Riviére instead of Houzeau de Lehaie as authority for 
the combination. The explanation for this appears to be that Makino 
was misled by the form in which the synonymy of “Phyllostachys 
mitis’’ was stated by the Riviéres and assumed that ‘‘ — edulis”’ 
meant “Phyllostachys edulis A. & C. Riv.,”’ whereas it simply indi- 

‘7 Makino, T. Bot. Mag. Tokyo 11: 158. 1897. A translation by Saburo Kat- 
sura of the note by Makino reads: ‘‘Phyllostachys mitis, described by A. & C. Riviére, 
is in question as to whether or not it is Poiret’s Bambusa mitis. It bears a striking like- 
ness to Madake but does not resemble Mosochiku.” 

18 Houzeau pe Lenats, J. Les Deux Phyllostachys mitis. Le Bambou 1: 38-40. 
— Hovuzeau ve Lenarz, J. Phyllostachys pubescens Mazel. Le Bambou 1: 7- 


1906. 

20 HouzEau pe Lenaig, J. Le Bambou 1: 97, 117, 129. 1906; 2: 214. 1907; 2: 
290. 1908. 

| Houzeau pe Lenarg, J. III Cong. Int. Bot. Brux. 1: 232. 1910. 

2 Makino, T. Bot. Mag. Tokyo 26: 21. 1912. 

* Tsusol, Isuke. Monogr. of Bamboos, item no. 23; pl. 15, 71, 93. ed. 2. 1916. 
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cated a Bambusa edulis, without name of author. Carriére,"* of course, 
was the author. The correct combination of name and authority, 
P. edulis (Carr.) H. de L., appears to have been used first by Gallo- 
way,” in 1925. 

For reasons not entirely clear, T. Nakai® in 1933 reverted to the 
name ‘‘P. pubescens Mazel ex Houzeau de Lehaie,’’ with the citation 
““Bambusa edulis (non Poiret) Carriére in Revue Hort. XXXVII, 
p. 380 (1866) cum. syn. B. mitis Hort.’ included in the synonymy. 
Again, however, explanation is perhaps to be found in a misinter- 
pretation of the Riviére form of citation. Unlike Makino, Nakai as- 
sumes that Bambusa edulis, the second synonym of ‘‘Phyllostachys 
mitis,’’ was intended to be understood as a Poiret species, as well as 
B. mitis Poiret, the first synonym cited. This would account for the 
fact that Nakai ignores (1) the explicit and well-substantiated state- 
ment by Houzeau de Lehaie’* that Carriére’s name (edulis) for “‘Moso- 
chiku” should be retained, and (2) the actual publication by Houzeau 
de Lehaie, in the same paragraph, of ‘Phyllostachys edulis nom. 
nov.” 

The facts cited in this account of Phyllostachys mitis, so-called by 
A. & C. Riviére, and P. edulis seem to constitute a veritable ““comedy 
of errors.’’ The former name is clearly invalid, as has been shown, but 


P. edulis (Carr.) H. de L. is obviously a valid name and must stand. 


BOTAN Y.—Notes on harmel, or ‘Syrian rue.”! Wrutam A. Day- 
TON, U.S. Forest Service. 

Messrs. W. L. Black and K. W. Parker of the New Mexico College 
of Agriculture and Mechanic Arts have published a very informing 
and valuable paper, Toxicity tests on African rue.2 The Mediterranean- 
west Asiatic plant referred to is Peganum harmala L., which, the au- 
thors report, is introduced, established, and spreading in an area 4 
miles east of Deming, New Mexico,—apparently the first record of 
its occurrence in this country. The species appears to have been con- 
sidered promising for erosion-control experiments in our semiarid 
Southwest, because of its marked drought-resistance, somewhat mat- 
like growth, and copious seeding. However, the authors (op. cit., p. 11) 
sound a note of warning from Arthur B. Clawson, well-known toxi- 
cologist of the federal Bureau of Animal Industry, because of the 


* Gattoway, B.T. Bamboos: their culture and uses inthe United States. U. 8. Dept. 
Agr. Bull. 1329: 10. 1925. 

2% Naxal, T. Jour. Japanese Bot. 9: 27. 1933. 

1 Received April 14, 1937. 

? Biack, W. L., and Parker, K. W. Tovicity tests on African rue (Peganum har- 
mala L.). N. Mex. Agr. Expt. Sta. Bull. 240, 14 pp., illus. 1936. 
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poisonous properties of the seed and herbage; Clawson fears ‘‘that 
African rue may cause losses in livestock, especially on ranges heavily 
populated with the plant,’’ whose palatability, however, is admittedly 
very low. 

In view of the interest that this plant has aroused in New Mexico 
and the possibility of a further extension of the range of this species 
in the Southwest, it seems desirable that, if possible, a generally ac- 
ceptable English name for it should be adopted. Harmel is here 
recommended. The writer feels that the name “African rue’”’ for this 
plant not only is unnecessary but is seriously objectionable, for the 
following reasons: 

1. This plant, though apparently with a somewhat rue-like odor, 
does not have punctate leaves and is not a true rue (Ruta); by the 
majority of botanists it is not placed in the rue family (Rutaceae) but 
in the caltrop family (Zygophyllaceae). Asa Gray, in his Synoptical 
flora of North America, although placing Peganum in Zygophyllaceae, 
indicates that the genus is anomalous because of its relatively numer- 
ous (12-15) stamens, few (2 to 4) carpels, and numerous (45 to 60, 
fide Black and Parker, op. cit., p. 5) seeds. 

2. There are true species of Ruta indigenous to Africa. One or more 
of these conceivably may some day get into cultivation in this coun- 
try and would be much more entitled to the name “African rue.” 

3. The recorded history of Peganum harmala seems to be concerned 
much more with Syria, Turkey, and Arabia than with Africa. 

4. Peganum harmala already has other and better known English 
names. For example, Van Wijk, in his encyclopaedic A dictionary of 
plant names,’ lists the names harmel, harmal, harmala, hurmul, and 
Syrian rue. Incidentally, the generic name Peganum is derived from 
the Greek riyavov, a term used by Theophrastus both for the com- 
mon, or garden rue (Ruta graveolens) and for “wild rue.’”’ Harmala 
(Greek, &puada), used by Tournefort as a generic name, was em- 
ployed by Dioscorides, and is said to be the Syrian (or Arabic) name 
for “wild rue,’’—very likely Peganum harmala. 

Peganum harmala is reported by Baillon‘ to be cultivated in French 
botanical gardens. Nicholson’ states that it is “‘occasionally . . . met 
with in English gardens.’’ As yet, the plant does not appear to have 
been cultivated in this country as an ornamental. 

Black and Parker (op. cit., p. 3) refer to the fact that ‘‘an eye oint- 


* Van Wux, H. L. Gertu. A dictionary of plant names 1: 961-962. 1911. 

* BaILLon, M.H. Dictionnaire de botanique 3: 526. 1891. 

5 Nicnotson, Georce. The illustrated dictionary of gardening, a practical and 
scientific encyclopaedia of horticulture, for gardeners and botanisis 3: 58. (1886). 
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ment was made from the seeds in Arabia’’; that the plant is reputed 
to possess anthelmintic properties, and that it possibly contains a 
narcotic, hasheesh-like or marihuana-like alkaloid. It seems desirable 
to add that Peganum harmala is known to contain the alkaloids har- 
malin (CisHi,N:O) and harmin (C,;H::.N:0O), which have been em- — 
ployed as drugs in the treatment of cerebral paralysis, encephalitis 
lethargica, and Parkinson’s disease. Baillon (loc. cit.) speaks of the 
plant as a sudorific, as well as vermifuge, and states that the French 
call the plant ‘‘armel.” Lieut. W. F. Lynch, U. 8S. N.,® indicates that 
Peganum harmala is widely distributed in Judaea, and that its seeds 
are both intoxicating and soporific. Before the advent of aniline dyes, 
Peganum harmala was, at least in large part, the ultimate source of the 
brilliant scarlet dye known as “Turkey red’ (alizarin). Engler, 
in Die naturlichen Pflanzenfamilien, speaks of the cells of the middle 
layer of the seed coats as the seat of this dyestuff as well as of the 
alkaloid harmalin. He also mentions the sudorific and vermifugal 
properties of the seed, and adds that the Turks use the plant as a 
condiment. 

There is a native congener of this plant in our Southwest and north- 
ern Mexico, Peganum mexicanum, originally collected by the ill- 
fated Dr. Gregg. In his original description of this species Dr. Gray’ 
quotes Gregg that it ‘‘is evidently well known to the Mexicans, who 
... call it Garbanzilla, Romero del Campo, or Limoncillo, and use a 
decoction of it for gonorrhoea. It is said to be poisonous to cattle.” 


PLANT PHYSIOLOGY.—Rubidium and Strontium Tozxicity to 
Plants Inhibited by Potassium and Calcium Respectively._. ANNIE 
M. Hurp-Karrer, Bureau of Plant Industry. 


Last year the writer reported? that the toxicity of sodium arsenate 
to wheat plants varies inversely with the concentration of available 
phosphate. The possibility of such an effect had been postulated on 
the basis of the fact that the positions of phosphorus and arsenic in 
Group V of the periodic arrangement of the elements are analogous 
to those of sulphur and selenium in the adjoining Group VI. The 
hypothesis proposed to explain the selenium-sulphur antagonism’ 

* Lyncn, W.F. Examination of the Dead Sea. Senate Exec. Doc. 34, 30th Con- 
gress, 2nd Sess. 1849. 

7 Gray, Asa. Plantae Wrightianae Texano-Neo-Mezicanae 1: 30. 1852. 

1 Received July 1, 1937. 

? Hurp-Karrer, ANNIE M. Inhibition of arsenic injury to plants by phosphorus. 
Jour. Wash. Acad. Sci. 26: 180-181. 1936. 


3 Hurp-Karrer, ANNiE M. Selenium injury to wheat plants and its inhibition by 
sulphur. Jour. Agr. Research 49: 343-357. 1934. 
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suggested that the injurious effects of a toxic element could be coun- 
teracted by an excess of a chemically similar nutritive element, the 
assumption being that such elements would enter the plant alike 
without selective discrimination (but with unlike effects on the 
plant). If the gradient established by the plant’s metabolism of the 
nutritive element should determine the total absorption of the two, 
the amount of the toxic element taken in would decrease as the pro- 
portionate amount of the nutritive element in the substratum in- 
creased. The experimental results showing reproducible ratios associ- 
ated with given degrees of injury to the plant in the case of arsenic 
and phosphorus as well as of selenium and sulphur were in accord 
with this supposition, and, in fact, could only be explained on some 
such line of reasoning.‘ 

The confirmation of the idea supplied by the arsenate/phosphate 
relation led to the testing of other similarly related pairs of elements. 
The pairs that could be selected on this basis were very limited, since, 
other than sulphur and phosphorus, there are only five major min- 
eral nutrients—nitrogen, iron, magnesium, potassium, and calcium. 
Next to potassium in Division A of Group I is the toxic element ru- 
bidium, and next to calcium in Division A of Group II is the mod- 
erately toxic strontium. These two pairs were accordingly chosen 
for experimentation. 

The plants were grown in nutrient solutions, according to pro- 
cedures described in the earlier papers. For the study of rubidium 
toxicity, low- , medium- and high-potassium solutions were made by 
varying the amounts of KCl in otherwise identical solutions. Their 
pH values were brought near 6.5 with equal amounts of NaOH. Con- 
trols without rubidium showed that plant injury in the low-potassium 
cultures containing rubidium was not due to the low KCl content. 
In some of the experiments duplicate series of the low-KCl cultures 
were set up, for one of which the low chlorine content was compen- 
sated for by adding sufficient calcium chloride to make the chlorine 
equal to that of the high-potassium solution. The plants of these cul- 
tures gave evidence that neither chlorine nor calcium was a factor in 
the results. 

The characteristic symptom of the injury produced by rubidium 
chloride on both wheat and barley was a stunting and peculiar thick- 
ening of the roots, resulting eventually in stunting of the tops also. The 

‘ The antagonism is much more marked with selenates than with selenites, so it 


should be emphasized that only sodium arsenate (Na:H AsOQ,-7H:O) has been used in 
studying the arsenic /phosphorus relation. 
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degree of injury varied with the proportionate amount of potassium 
present, twice as much potassium as rubidium effectually preventing 
the appearance of the root injury. Thus with 60 p.p.m. of rubidium, 
injury could be detected in both wheat and barley with 60 but not 
with 120 p.p.m. of potassium; with 120 p.p.m. of rubidium, there 
was definite injury with 150 but not with 240 p.p.m. of potassium. 

For the study of strontium toxicity, low- , medium- and high-cal- 
cium solutions were made by varying the amounts of calcium nitrate, 
the resulting differences in nitrogen being compensated for by the 
addition of requisite amounts of ammonium nitrate. The pH values 
of the low- and high-calcium solutions were both near 6.5. Controls 
without strontium showed that the peculiar injury attributed to 
strontium in the low-calcium solutions was not due to calcium de- 
ficiency. 

The characteristic symptom of strontium injury was a stimulation 
of tillering with stunting, so that the plants were thick, short bunches 
of as many as twelve tillers instead of the usual four much taller 
tillers of the controls. The effect was extreme with 500 p.p.m. of 
strontium supplied as either SrCl, or Sr(NO;)2 in solutions containing 
but 50 p.p.m. calcium, slight with 230 p.p.m. calcium, and absent 
with 500 p.p.m. calcium. Controls with the same amounts of chlorine 
and nitrate in the form of potassium salts proved that the effect was 
produced by the strontium alone. Under the conditions of these ex- 
periments, then, strontium produced detectable injury with but half 
as much calcium as strontium present, but with the amounts equal 
it was nontoxic. The accuracy of these ratios may be questionable, 
however, because of a considerable precipitate in the high-calcium 
flasks, suggesting that the calcium did not all remain in solution. 

Tests to determine the specificity of the relations by interchanging 
the nutrient solutions showed that excess potassium did not inhibit 
strontium toxicity, nor did excess calcium inhibit rubidium toxicity. 

Insofar as the establishment of predicted relations by actual ex- 
periment constitutes evidence, the observed antagonism of arsenic, 
rubidium and strontium by phosphorus, potassium and calcium, re- 
spectively, substantiates the generalization suggested by the se- 
lenium-sulphur antagonism. Briefly stated, this hypothesis is that in 
proportion to its relative concentration an essential nutritive element 
reduces the absorption and consequent toxicity of a toxic element 
sufficiently similar chemically to preclude selectivity on the part of 
the plant. 
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ORNITHOLOGY.—Descriptions of three new screech owls from the 
United States.1 Harry C. OBERHOLSER, Bureau of Biological 


Survey. 


The identification of screech owls, Otus asio, from various sources, 
including Texas, has made necessary the examination of a consider- 
able number of these birds from various parts of the United States. 
In addition to the collection of the U. 8. National Museum, including 
that of the Biological Survey, there have been examined a large 
number of specimens from other museums and from individuals. The 
writer is, therefore, indebted for the loan of comparative material 
to Dr. Frank M. Chapman, Dr. A. I. Ortenburger, Dr. Louis B. 
Bishop, Dr. Max M. Peet, Professor Myron H. Swenk, Dr. Joseph 
Grinnell, Dr. Josselyn Van Tyne, Dr. D. Elton Beck, Dr. John W. 
Sugden, Dr. Vasco M. Tanner, Miss Edith R. Force, Ralph H. Imler, 
C. D. Bunker, J. L. Peters, H. V. Williams, Edwin D. McKee, C. C. 
Presnall, E. R. Warren, and C. Lynn Hayward. 

Study of the material thus brought together has resulted in the dis- 
covery of three apparently new subspecies of Otus asio, which it seems 
worth while to describe. Perhaps the most interesting, as well as the 
most beautiful, of these is: 


Otus asio swenki,’ subsp. nov. 
Nebraska Screech Owl 


Subspecific characters.—Similar to Otus asio atkeni, of central Colorado, 
but smaller; in gray phase much paler on the upper surface and somewhat 
so below, the face lighter, more whitish; both upper and lower parts more 
finely marked with blackish; in red phase also paler. 

Measurements.—Adult male*: wing, 153-170 (average, 160.6) mm; tail, 
75-82 (78.6); culmen from cere, 13.5—-16 (15.2); tarsus, 35-40 (37.6) ; middle 
toe without claw, 17-20 (18.6). Adult female‘: length in flesh (type), 221 
mm; wing, 162-169 (average, 164.7) ; tail, 79-85.5 (82.2); culmen from cere, 
14-17 (15.8); tarsus, 36-39.5 (37.6); middle toe without claw, 18-20 (18.9). 

Type.—Adult female, collection of Prof. Myron H. Swenk; Chadron, 
eg County, Nebraska, altitude 3,450 feet; February 1, 1918; L. M. 

ates. 

Geographic distribution—Resident and breeds in the middle United 
States, north to central southern Manitoba; west to western Nebraska and 
central western Oklahoma; south to central western Oklahoma, and central 
southern Kansas; and east to central Kansas, central eastern Nebraska, 
western Minnesota, and central southern Manitoba. 


Remarks.—The discovery of this interesting new owl came as a decided 


1 Received May 22, 1937. 
2? Named for Prof. Myron H. Swenk, of Lincoln, Nebraska. 
- — specimens, from Nebraska, Kansas, Manitoba, Minnesota, and North 
akota. 
* Ten specimens, from Nebraska, Kansas, Minnesota, and North Dakota. 
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surprise in the course of a study to determine the actual range of Otus asio 
hasbroucki. From that form it differs so decidedly in its much paler coloration 
that it scarcely needs comparison. From Oius asio naevius in gray phase it 
differs in its much paler and less coarsely dark-marked upper surface, paler 
and more whitish face; and in red phase by its decidedly lighter color. From 
Otus asio maxwelliae in gray phase it differs in its decidedly darker and more 
finely marked upper surface, less whitish face, and darker, i.e., more ex- 
tensively black-streaked and barred lower surface. 

Birds from eastern Kansas (Douglas County, and west to east central 
Kansas in Harvey County) are darker and mostly more brownish, thus 
verging so much toward Otus asio naevius that they are referable to that 
race. On the other hand, birds from eastern Nebraska (Lincoln and other 
localities) are rather darker and more brownish than typical Otus asio 
swenki, and thus verge a little toward Otus asio naevius, but they are de- 
cidedly nearer to Otus asio swenki. While no specimens of this new race from 
Colorado have been examined, it probably ranges at least to the eastern 
border of that state. It probably occurs also in the Panhandle of north- 
western Texas (although no specimens from that region have been seen), 
since a specimen from Ellis County, Oklahoma, which borders on the Texas 
Panhandle, is Otus asio swenkt. 

The examination in this connection of a considerable number of screech 
owls from central and eastern Oklahoma, Benton County, northwestern 
Arkansas, with a few from central northern Texas, and from Greenwood 
County and Cedar Vale, southeastern Kansas, now shows that these areas 
are occupied by Otus asio hasbroucki. 

It gives me great pleasure to name this handsome screech owl for Prof. 
Myron H. Swenk, of the University of Nebraska, who has done so much to 
advance the study of ornithology in the state of Nebraska. Furthermore, 
it is appropriate that the bird should be called the Nebraska screech owl, 
since it apparently reaches its maximum differentiation in that state. 

Following is a list of the localities from which specimens of Otus asio 
swenki have been examined: 

Kansas: Stockton (Feb. 22, 1936); Hamilton County (Nov. 19, 1934); 
Wallace County (June 24 and 29, 1911); Comanche County (May 25 and 
29, 1911); Coolidge (July 12, 1921). 

ManitTosBa: Winnipeg (June 4, 1930); Deer Lodge, Winnipeg (Nov. 12, 
1928). 

Minnesota: Beaver, Roseau County (Jan. 7, 1932); Stafford, Roseau 
County (Nov. 20, 1926); Poklitz, Roseau County (March 3, 1927); Badger, 
Roseau County (Feb. 27, 1927); Mickinock, Roseau County (March 8, 
1930); Dieter, Roseau County (March 10, 1932); Jadis, Roseau County 
(Dec. 28, 1926). 

Nesraska: Spencer (Dec. 14, 1931); Scottsbluff (June 28, 1916); Cha- 
dron (Feb. 1, 1918); Lincoln (Nov. 13, 1932; Dec. 26, 1934); Kearney 
(Dec. 14, 1924); Union (May 6, 1933). 
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Norts Daxora: Grafton (May 18, 1933; Nov. 10, 1933; Dec. 6, 1923; 
April 25, 1923; Feb. 19, 1924); Hankinson (July 22, 1912). 
OKLAHOMA: 7 miles south of Arnett, Ellis County (May 18, 1936). 


Otus asio mychophilus, subsp. nov. 
Grand Canyon Screech Owl 


Subspecific characters.—Similar to Otus asio inyoensis Grinnell’ from Inyo 
County, California, but upper parts darker, usually more brownish; lower 
parts more numerously vermiculated with blackish, thus appearing darker. 

Measurements.—Adult male*: wing, 159-170 (average, 164) mm; tail, 
81.5—94 (85.2); culmen from cere, 14-16 (15); height of bill at base, 12-13.5 
(12.6); tarsus, 35-39 (37.3); middle toe without claw, 18-19 (18.4). Adult 
female’: wing, 168-173 (169.3); tail, 86-92 (89.5); culmen from cere, 15— 
16.5 (15.9); height of bill at base, 12.5-14 (13.3); tarsus, 36-40 (37.8); 
middle toe without claw, 18.5—-21.5 (19.8). 

Type.—Adult female, No. 340593, U. 8. National Museum, Biological 
Survey collection; south rim of Grand Canyon, 6,900 feet altitude, Grand 
Canyon Village, Arizona; January 28, 1935; Russell K. Grater, original 
number, 23. 

Geographic distribution Northern Arizona and southern Utah, north to 
north central Utah (Provo); west to southwestern Utah; south to northern 
Arizona; and east to central eastern Utah (Moab). 


Remarks.—Specimens of this new race have heretofore sometimes been 
identified as Otus asio aikent, but proper comparison indicates at once that 
they do not belong to this race, since they differ in their darker, more finely 


vermiculated upper parts, and more finely vermiculated and less streaked 
lower surface. From Otus asio cineraceus of southern Arizona this new race 
differs in much larger size, darker and usually more uniform and more finely 
vermiculated upper surface. 

Specimens from Vernon and Jensen, northern Utah, are decidedly paler 
and less marked below than the birds from central and southern Utah, here 
referred to Otus asio mychophilus, and are apparently referable to Otus asio 
inyoensis from southeastern California, which would indicate that the range 
of the latter subspecies extends over Nevada as far north as Fallon and east 
to northeastern Utah. 

The specimen of this new subspecies here made its type has been gener- 
ously donated to the Biological Survey Collection by Edwin D. McKee, 
Park Naturalist of the Grand Canyon National Park, Arizona. 

Seventeen specimens of Otus asio mychophilus have been examined, these 
representing the following localities: 

Arizona: Grand Canyon, South Rim (Oct. 2, 1934; Jan. 28, 1935); Grand 
Canyon Village (May 4, 1931); 15 miles south of Grand Canyon Village 
(Nov. 30, 1934); 10 miles south of Grand Canyon Village (Oct. 29, 1934). 

Uran: Springdale (Jan. 27, 1935); Provo (Feb. 11, 1934; May 19, 1933; 

5 The Auk, Vol. XLV, No.2, April 16,1928, p. 213. 


* Six specimens, from southern Utah and northern Arizona. 
7 Six specimens, from southern Utah and northern Arizona. 
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July 19, 1933); Moab (June 9, 1927); Zion Canyon, Washington County 
(July 8, 1933); St. George (spring, 1937; Nov., 1933). 


Otus asio clazus, subsp. nov. 
San Jacinto Screech Owl 


Subspecific characters —Similar to Otus asio quercinus, but very much 
darker, more purely grayish (less brownish); lower parts more broadly 
streaked and more densely and numerously barred. 

Measurements.—Adult male (type); length (in flesh) 212 mm; extent of 
wings, 560; wing, 160; tail, 90; culmen from cere, 16; height of bill at base, 
13.5; tarsus, 36; middle toe without claw, 19. Adult female: wing, 167 mm; 
tail, ; culmen from cere, 15.5; tarsus, 35.5; middle toe without claw, 
19.5. 

Type.—Adult male, No. 186186, U. 8. National Museum, Biological Sur- 
vey collection; San Jacinto Mountains, altitude 5,500 feet, California; 
April 28, 1903; Frank Stephens; original number, 6,221. 

Geographic distribution San Jacinto and San Gabriel Mountains, south- 
ern California. 


Remarks.—While we have seen only two specimens of this screech owl, 
these are so much darker than any of the races of Otus asio the ranges of 
which approach the San Jacinto Mountains, that is, Otus asio quercinus and 
Otus asio inyoensis, that they apparently represent a distinct race confined 
probably to this limited area. The bird -here described as Otus asio clazus 
is, in fact, the darkest of all the California races of the species. 


PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


GEOLOGICAL SOCIETY 
546TH MEETING 


The 546th meeting was held at the Cosmos Club January 13, 1937, 
President R. C. Weuus presiding. 

Informal communications—H. D. Miser spoke on some peculiar mark- 
ings on surfaces of Pennsylvanian sandstone beds. 

C. Max Bauer described recent work in the Yellowstone National Park. 

Program.—C. E. Van Orstranp: Temperatures in the lava beds of East 
Central and South Central Oregon. Temperature records of 7 springs, 7 flowing 
wells, and 9 non-flowing wells were discussed with reference to the hydrology 
and voleanology of the area. 

A new type of depth-temperature curve was introduced. The curve con- 
sists of a series of steps instead of the smooth uniform curves of sedimentary 
areas in which the temperature gradients increase with the depth. The hori- 
zontal portion of the step is supposed to be due to convection of water within 
and between the lava beds. The general rise of the series of steps varies from 
about 20 to 40 feet per degree Fahrenheit (1° C. in 11.0 to 21.9 meters). 

At Lakeview, Oregon, a temperature of 190° F. was found at a depth of 
600 feet in a well located on the mountain ridge at an estimated elevation 
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of about 500 feet above the level of Goose Lake plain. This evidence suggests 
the possibility that the mountain ridge is the source of the heat and water 
in the hot springs and flowing wells located on the floor of the Goose Lake 
valley at a distance of about } mile from the well in which the high tem- 
perature was recorded. The temperature of the water is near the boiling 
point (203—4° F., 95.0-95.6° C.) at that elevation. The possibility that the 
hot water rose to the surface of the ground along the fault in the plain or 
that it originated in a magma at a moderate depth were considered. A final 
decision in regard to the three possibilities was not reached. (Author’s 
abstract.) 

G. R. MansFietp: Erosional history of the Paradise Valley quadrangle, 
Idaho. The Paradise Valley quadrangle, which lies a few miles southeast of 
Idaho Falls, Ida., adjoins on the northwest other areas previously studied 
and described by the writer. The Blackfoot River, which crosses it, con- 
nects by transverse canyons a series of intermontane valleys. Its present 
canyon in the Paradise Valley quadrangle is bordered by remnants of older 
and higher valley systems. In the higher parts of the quadrangle remnants 
of older valley systems are preserved also. These, together with those near 
the Blackfoot River, include a succession of 11 rather distinct erosion stages. 
The pattern of these remnant surfaces, together with other features of this 
and adjoining areas, suggests that the present drainage systems of the 
quadrangle have been developed by superposition from a former widely 
extended cover of Tertiary sediments, of which considerable remnants now 
remain in the quadrangle. The relations of the erosion surfaces here de- 
scribed to earlier published views of the erosional history of the region as a 
whole have not been worked out. However, it is believed that a number of 
the lower and newer surfaces are related to temporary base levels estab- 
lished by basalt flows, now more or less dissected, and that these base levels 
have served to protect and preserve in the Paradise Valley quadrangle 
records of brief stages in erosional history that in the higher adjoining 
county have largely been destroyed. (Author’s abstract.) 


547TH MEETING 


The 547th meeting was held at the Cosmos Club January 27, 1937, Presi- 
dent R. C. Wetts presiding. 

Informal communications.—JEWELL J. Guass: Sodalite from Magnet Cove, 
Arkansas. A specimen of a translucent light violet blue mineral was collected 
by Mr. H. D. Miser from a quarry owned and operated by Mr. J. W. 
Kimzey, at Magnet Cove, Arkansas, and submitted to the U. 8. Geological 
Survey Petrology Laboratory for identification. On examination it was 
found that the mineral was sodalite. The sodalite is found in veins and lenses 
varying from a few to several inches in thickness in a dense dark-greenish 
gray tinguaite dike rock which is now being crushed and used as shingle 
material. The tinguaite dikes in which the sodalite is found are located 
near the extreme south rim of the Magnet Cove intrusive complex. This 
unusual blue mineral attracted the quarry owner’s attention as a curiosity, 
but has proved of exceeding mineralogical interest, because among the 
minerals described from that unique assemblage of Magnet Cove minerals, 
this is the first occurrence of sodalite to be reported from that locality. 
(Author’s abstract.) 

F. L. Hess spoke on the peculiar odor of microcline from the Black Hills. 

Program.—EvuGENE CALLAGHAN: Alunite deposits of the Marysvale region, 
Utah, The alunite deposits are in the western part of the High Plateaus of 
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Utah. The rocks in the region range in age from Carboniferous to Recent. 
However, the alunite is restricted to the lower part of a series of Tertiary 
voleanic rocks, which lie upon Wasatch and older sedimentary rocks. The 
voleanic rocks are overlain by a sedimentary formation tentatively called 
the Sevier River, which contains diatoms regarded by Mr. K. E. Lohman, 
of the Geological Survey, as of Upper Pliocene or Lower Pleistocene age. 
The deposits are of two types, called the replacement type and the vein 
type. Those of the replacement type are chiefly altered volcanic rock with 
variable proportions of alunite, some of which is sodic. They commonly have 
a large proportion of impurities. Deposits of the vein type are mostly 
coarsely crystalline and much purer than those of the replacement type. 
Though there is evidently considerable alunite of both types in this region, 
work done thus far does not justify revision of earlier estimates of reserves. 
(Author’s abstract.) 
H. G. Byers: The distribution of selenium, with geologic implications. 


548TH MEETING 


The 548th meeting was held at the Cosmos Club February 10, 1937, 
President R. C. WELLs presiding. 

Informal communications —E. Increrson described an instrument for 
more accurate determination of structural features of rock specimens for 
petrographic studies. 

F. C. Catxins described gold deposits in the Slumbering Hills of Nevada. 

Program.—G. A. Coorrr: The Centerfield limestone of New York and its 
equivalents in the midwest. 

Raupx Tuck: The Matanuska coal field, Alaska. The Matanuska coal 
field, one of the two commercial coal-producing fields in Alaska, is located 
in the south central part of the Territory, near the head of Cook Inlet, and 
on a branch line of the Government-owned-and-operated Alaska Railroad. 
Coal has been produced from this field since 1916, and although the pro- 
duction is relatively small as compared with the coal fields of the United 
States, it plays an important part in the economic development of this 
part of Alaska. From this field the railroad, as well as the towns situated 
along its southern part are furnished with a cheap and reliable fuel. A few 
thousands tons are also annually exported to coastal towns and canneries. 

The coal field is in the Matanuska Valley, an east-west valley about 50 
miles long and 5 miles wide, which lies between the Talkeetna Mountains 
on the north and Chugach Mountains on the south. Cretaceous sandstone 
and shale, and Tertiary (Eocene) rocks. of which the lower member is an 
arkose, the middle, sandstone and shale with interbedded coal seams, and 
the upper, a conglomerate, crop out in the valley. In the upper part of the 
valley, both the Cretaceous and Tertiary are intruded by diorite dikes and 
sills. The valley was occupied by a glacier during the Pleistocene, so that 
glacial deposits cover the valley floor, and in great part obscure the bedrock 
formations. 

In general the Cretaceous and Tertiary formations of the valley are a 
downfaulted block between the dioritic rocks of the Talkeetna Mountains 
on the north, and the metamorphosed sediments, volcanics, and intrusive 
rocks of the Chugach Mountains on the south. The valley formations are 
folded and faulted to a high degree in the upper part of the valley, and pro- 
gressively to a lesser extent in the lower part of the valley, likewise, the 
coal changes in rank from high rank bituminous and anthracite in the upper 
part to lignite and lower-grade bituminous in the lower part of the valley. 
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Considerable exploration and development has been done on the higher 
rank coal in the upper part of the valley, but at present they are not mined 
because of high mining costs resulting from the complex structure. All of the 
commercial coal production now comes from the lower part of the valley, 
in an area dominated by a distinctive topographic feature called Wishbone 
Hill, which is the surface expression of a southwest plunging syncline. The 
hill is capped by 1,200 feet of massive conglomerate, and underlying it is the 
coal bearing series, so that the coal crops out only around the margin of the 
hill. In the eastern part of the area, from which the greater part of the coal 
production has come, 2,000 feet of coal bearing formation is exposed. Over 
20 coal beds with thicknesses of more than 3 feet are known to occur. Most 
of the seams are from 3 to 5 feet thick, and a high volatile bituminous coal 
is produced from them. Both the coal beds and the intervening sandstone 
and shale vary in thickness and composition within short distances, and the 
whole formation indicates rapid deposition in a number of small basins. 
Strike and transverse faults are common. The strike faults have small dis- 
placements, but the transverse faults—most of which are normal faults— 
have displacements up to 350 feet. 

Geological work has shown that there are reserves of a number of million 
tons recoverable above the present mine workings, and a similar amount 
below—a supply sufficient for local needs for a long time in the future. 
(Author’s abstract.) 

549TH MEETING 

The 549th meeting was held at the Cosmos Club February 24, 1937, 

President R. C. WELLs presiding. 


Informal communications.—T aista STADNICHENKO gave a brief report on 
what is being done by Arctic Institute in Soviet Russia. 


W. C. Aupen spoke on condition of glaciers in Glacier National Park. 

Program.—E. N. Gopparp and T. 8. Lovertne: Laramie fault pattern in 
the Front Range mineral belt, Colorado. 

C. H. Brrpsrye: The uses of aerial photography. 


550TH MEETING 


The 550th meeting was held at the Cosmos Club, March 10, 1937, Presi- 
dent R. C. WEtts presiding. 

Informal communications —W. T. ScHALLER discussed consideration of 
candidates for President of the Washington Academy of Sciences. 

J. P. MarBLE spoke on the age of Pitchblende from Great Slave Lake. 

E. IncrerRson discussed temperature range of formation of hydrothermal 
and pneumatolitic minerals. 

Program.—N. H. Heck: Geological factors in safeguarding against earth- 
quakes. 

D. F. Hewerr: Environment and relations of the hypogene manganese 
minerals. 


55lst MEETING 


The 551st meeting was held at the Cosmos Club March 24, 1937, Presi- 
dent R. C. WELLs presiding. 

Informal communications —M. I. Gotpman described corroded pebbles 
in the Morrison formation on north end of Henry Mountains, Utah. 

Program.—J. H. Swartz: Some resistivity determinations of salt water 
boundaries. 
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C. F. Stewart SHarPeE: Physiographic research on soil erosion. One phase 
of Soil Conservation research is the physiographic study of soil erosion. 
Investigations are under way in several representative areas. The most 
extensive work has been done in the southern Piedmont where conditions 
are particularly bad due to deep weathering and long cultivation of open- 
tilled crops. By combining physiographic, climatic, ecologic, and soil evi- 
dence, with field and library studies in erosion history since colonial times, 
the life histories of several selected gullies near Spartanburg, 8. C., have 
been reconstructed. 

Most gullying results from artificial concentration of flowing water. The 
gully hazard in the Piedmont is greatest in soils developed on acid igneous 
and metamorphic rocks. Such soils have porous sandy or silty topsoils, tight 
clay subsoils extending to a depth of three to five feet, and weak underlying 
parent material of rotten rock. Most gullies in these soils head in active 
“plunge pools” formed where a lip of subsoil projects over a recess in the 
weak parent material. During rains some of the run-off flows as a waterfall 
into the plunge pool, but an important part of the flow clings to the lip and 
and trickles back under the overhang, softening the parent material and 
causing it to fall or crumble away. The projecting lip is left unsupported 
and caves off in large blocks. Water seeping downward through tension 
cracks aids both softening and caving. 

Many gullies which have long been stable are found to be threatened with 
rejuvenation resulting from an increased flow of water or a lowering of base- 
level which initiates headward migration of a fall or ‘“‘knickpoint.” 

Sheet erosion, a less obvious process, attacks primarily the topsoil and 
removes the most valuable part of the land. Evidence of recent sheet erosion 
and an estimate of the amount is given by exposed tree roots, and miniature 
pillars of earth capped by stones, lichens, leaves, etc. 

Small test plots are being studied to learn more about the method and 
rate of formation and removal of the loose granular surface layer of ‘‘crumb- 
mulch” characteristic of bare ground on certain soil types. Production of 
crumb-mulch is found to be greatly accelerated by the action of needle-ice 
during frost. Removal of as much as two and one quarter inches of this 
mulch in six weeks has been recorded. 

The importance of mass movement, particularly soil-creep, in the Pied- 
mont and southern Blue Ridge areas is shown by the very general presence 
of a line of rock fragments at the approximate base of the subsoil or B 
horizon and above the parent rock. Rock structure below and downhill 
flowage lamination in the soil above this “‘stone-line” indicate that it is 
the base of effective creep. (Author’s abstract.) 


552nD MEETING 


The 552nd meeting was held at the Cosmos Club April 14, 1937, Vice- 
President F. C. CaLxrns presiding. 

Program.—D. A. ANDREWS: Asymmetrical distribution of stream terraces 
in southeastern Montana. Gravel terraces, many of which are of Pleistocene 
age, occur along most of the stream valleys in eastern Montana. These 
terraces have been mapped in considerable detail in the parts of Custer, 
Powder River, and Rosebud counties included in the coal reports on the 
Ashland, Rosebud, and Mizpah fields published by the U. S. Geological 
Survey. These terraces lie from a few feet to 500 feet or more above the 
alluvium levels of the streams. Many terraces are preserved along Yellow- 
stone River flowing east and the Tongue River flowing northward; these are 
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the largest streams in the area and the terraces on the right sides of each 
of these valleys equal in size and number the terraces on the left sides of 
each valley. 

Terraces are few and widely separated along Powder River but are abun- 
dant on the west side of Mizpah, Pumpkin, and Rosebud Creeks, all of 
which flow northward; only a very few are preserved on the east side of these 
stream valleys. Several of the westward and northwestward flowing tribu- 
taries of these streams have terraces on the south and southwest sides but 
have few or none on the opposite side of the valleys. In contrast, terraces are 
preserved on the north and northwest sides and few or no terraces occur on 
the opposite sides of the east or northeast flowing tributaries of the same 
streams. There are no southward-flowing streams in the mapped portions 
of Custer, Powder River, and Rosebud Counties. In addition the profiles 
across these valleys are asymmetrical. The long gentle slope which bears 
the terraces is on the left side of the valleys. Tongue River, however, does 
not show this marked asymmetrical profile and inadequate information is 
available to draw conclusions about the profile of Yellowstone River. These 
observations show that the streams with asymmetrical valleys have mi- 
grated to the right and that they are still crowding their right banks. 

The stream valleys of the area here described are carved in thick beds of 
soft sandstones and shales which have a regional dip of about 50 feet per 
mile to the west toward the axis of the Tongue River syncline which follows 
the valley of Tongue River. On the west side of Tongue River the beds have 
a comparable dip to the east toward this syncline. 

The deflection of moving objects to the right in the northern hemisphere 
due to the rotation of the earth (a principle that is known in the United 
States as Ferrell’s law and in Europe as Baer’s law) is postulated as the 
dominant force that has caused the streams to migrate to the right. The 
application of Ferrell’s law indicates that the effect of the deflective force 
due to the earth’s rotation is greater in a stream whose flow has high velocity 
and whose course has meanders with small radii of curvature. The behavior 
of the streams in this part of Montana appears to be in accord with the 
application of Ferrell’s law; the small streams, whose velocities are high 
and whose courses have meanders with small radii of curvature, have mi- 
grated strongly to the right and the larger streams—Tongue and Yellow- 
stone Rivers—have not migrated dominantly either to the right or left. 
The approximate equal development of the high, intermediate and low ter- 
races along either side of the streams may indicate that the force has been 
acting continuously since the formation of the high terraces. In addition 
the application of Ferrell’s law indicates that this deflective force increases 
directly with the sine of the latitude of an area. (Author’s abstract.) 

W. G. Prerce: The Heart Mountain Overthrust near Shoshone Reservoir, 
Wyoming. Additional information on the nature of the Heart Mountain 
overthrust has been sought by the author in 1935 and 1936 by detailed plane 
table mapping of the areal and structural geology of the sedimentary rocks 
exposed in the valleys of the North and South Forks of Shoshone River. 
In 1916 Dake recognized two overthrusts, superimposed one above the 
other. The upper is the main thrust and the overlying block is mostly 
Madison limestone (Mississippian) ; the lower one is a thrust slice below the 
sole of the main Heart Mountain overthrust and contains over 5,000 feet 
of rock strata ranging in age from the Jurassic Sundance to the Tertiary 
Wasatch. The limestone on Sheep Mountain and Logan Mountain is part 
of the upper thrust block. The lower thrust slice is found on the southeast 
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side of Sheep Mountain and a small mass is exposed on the east side of the 
Shoshone Reservoir, but it is most conspicuous and best exposed on the 
south side of the South Fork of Shoshone River in a belt from half a mile to 
four miles wide and about 15 miles long. Throughout a large part of its ex- 
tent on the south side of South Fork Valley, the lower slice has been folded 
into a trough which roughly parallels the valley. Its trough-like form, which 
is the main controlling feature for the present areal distribution, is not easily 
discernible because the synclines, anticlines, faults, and overturned folds 
within the strata of the lower thrust slice tend to divert attention from the 
thrust fault at its base. 

A transverse fault trending southeastward from Sheep Mountain passes 
beneath the upper thrust but cuts the lower thrust slice. Southwest of the 
transverse fault the lower thrust is deformed into the trough just described, 
but to the northeast the thrust plane is nearly horizontal. Evidence indicates 
that the block southwest of the transverse fault moved laterally southeast- 
ward. Slickensides observed on the lower thrust on the east side of Shoshone 
Reservoir indicate that there the lower thrust slice moved due east. 

The relation of the lower thrust to the upper thrust is obscure. None of 
the formations found in one of the thrust blocks are repeated in the other. 
Therefore, the relationship of the upper thrust to the lower one is such that 
they do not form an imbricate structure. Another uncommon, although not 
a unique, feature of the thrust blocks is that the lower one is a slice below the 
main Heart Mountain overthrust. The western limit of the lower thrust 
slice has not yet been definitely determined, but it seems probable that it 
does not extend Aestward beyond Logan Mountain or Sheep Mountain. 
It is more extensive on the south side of the South Fork of Shoshone River, 
and west of Rock Creek it crosses from the south to the north side of the 
South Fork. 

The early basic breccias are the oldest volcanic rocks in the area, except 
for tuffaceous beds in the Wasatch and some of the older formations. Al- 
though the greater part of the early basic breccia is composed of surface 
flows, a considerable amount of breccia was intruded as sills, plugs, and 
dikes of large size. The volcanic breccia is definitely later than the over- 
thrusting, for not only does it rest on top of the upper thrust block, but 
fissures through which it rose to the surface cut through the upper block and 
continue down into the autochthon. Work by C. B. Read and others indi- 
cates that the early basic breccia is of upper Eocene or lower Oligocene age, 
and as the Wasatch formation is involved in the thrusting, the age of the 
overthrust is probably middle or upper Eocene. (Author’s abstract.) 

W. O. Frevp, Jr.: Some recent changes in Alaskan Coast Glaciers. 


553RD MEETING 


The 553rd meeting was held at the Cosmos Club April 28, 1937, President 
R. C. Wetts presiding. 

Program.—N. W. Bass: Origin of the oil bearing shoestring sands of north- 
eastern Oklahoma and southwestern Kansas. 


D. C. Barton: Petroleum geophysics. 
M. N. BraM.ette, Secretary. 
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Artuur Brooxs Ciawson, physiologist in charge of investigations of 
stock poisoning by plants of the Bureau of Animal Industry, U. 8. Depart- 
ment of Agriculture, suffered an attack of cerebral thrombosis while engaged 
in studying problems on the Utah deserts and died at his home in Washing- 
ton, June 30, 1937. 

Mr. Clawson was born June 18, 1878 at Green Lake, Wis. Specializing in 
biology he was educated at Ripon College, the University of Michigan from 
which he was graduated in 1904, and at the University of Wisconsin. He 
taught biology at Lake Forest College for two years and in 1909 joined the 
group studying plant-poisoning of livestock, then in the Bureau of Plant 
Industry. He was identified with these researches during the remainder of 
his life making many contributions of fundamental importance in that field. 
He was acknowledged the foremost American authority on stock-poisoning 
by plants and enjoyed the confidence of the livestock breeders as well as 
of his scientific associates. He published a number of papers reporting his 
observations among which special mention may be made of his work on loco- 
weeds, larkspurs, lupines, cyanogenetic plants, milkweeds and Senecio 
poisoning. He had already made substantial progress in the solution of the 
problem of bighead in sheep, the study on which he was engaged at the time 
of his death, and had succeeded in demonstrating for the first time the causes 
of this condition which annually results in a large loss of livestock. 

Mr. Clawson was in charge of the Experiment Station at Salina, Utah, 
operated by the Bureau of Animal Industry for the study of stock-poisoning 
plants. He was a member of the Washington Academy of Sciences, a fellow 
of the American Association for the Advancement of Science, a member of 
the Botanical Society of Washington, Biological Society of Washington, 
Illinois Academy of Science, Wisconsin Academy of Science, the Cosmos 
Club and Sigma Xi. He was interred at his old home, Green Lake, Wis- 
consin. 


Pau VERE Rounpy, geologist of the U. 8. Geological Survey, died sud- 
denly of heart failure June 21, 1937, at his home, Chevy Chase, Md., 
following many months of ill health caused by high blood pressure. 

Mr. Roundy was born January 8, 1884, at Cooperstown Junction, N. Y. 
His collegiate education was begun at Syracuse University and completed 
at George Washington University, from which he received his A.B. degree 
in 1912. He was appointed to the U. 8. Geological Survey in 1908, retaining 
that connection as geologist and paleontologist until his death. During the 
World War he collaborated with other members of the Survey in working 
out the geology of the Osage oil field in Oklahoma. Later he was employed 
with others in estimating the resources of the Elk Hills Naval Reserve No. 1, 
in California, and within the last two years he has been at work on a report 
upon the phosphate deposits of Florida. He is widely known for his contri- 
butions to the study of the ostracods and conodonts. 

Mr. Roundy was a member of the Paleontological Society, the American 
Association of Petroleum Geologists, the Society of Economic Paleontolo- 
gists and Mineralogists, the Geological Society of Washington, and the 
Washington Academy of Sciences. 
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